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Material Samples Using During Testing

. E I Eeol
Material Shape ID oD [GPa] [m4] [N-m?]
Poly(L-Lactic) : )
Acid, Tube | 408 | 00824 | 340 | 6.78E-03 | 2.30E-05
PLLA : :
Poly(l-lactide-
co-d, Hactide) 0.059 +/- | 0.068 +/-
PLLA-PDLA
Poly(L-Lactic-
e-caprolastone) | type | 0978 21 0092 | 0.04 | 2.66E-03 | 7.99E-08
PLLA-PCL
Poly(L-Lactic-
9'%;91"36) Rod | =em- 06038;‘/- 340 | 1.45E-02 |4.91E-05
PLLA-PGA
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Material Temp. |Brittleness| Bend Cool Bend Results
Force Off
Required Time
PLLA- 22° C No Moderate Relaxed back
PGA (room to 120°
temperature)
37° C No Moderate |Immediate | Relaxed back
(body to 120°
temperature)
65° C No Very slight | 5- 10 sec | Sample felt like
“‘wet spaghetti”
and firmly held its
shape once
it cooled
PLLA 22°C Slightly |Unbendable Unbendable
(room
temperature)

37°C Slightly |Unbendable| Immediate | Unbendable
(body
temperature)

65° C Slightly | Very high [Immediate | Only able to
bend slightly
(~10°)
70°C Slightly High 10 - 15 sec| Relaxed back
to 100° Partial
tube collapse

100° C Slightly | Moderate |10 -20sec| Relaxed back

to 120°
~250° C |Moderately| Slight |10-20sec| Held shape
(Heated by ’ (QW%YE,GQ X (only bent
. u I [+
hot air gun) heat ratd) to 120°)
PLLA- 22°C No Moderate Bent to 90°
PDLA (room Tube collapse
temperature)
65° C No Moderate |Immediate Bent to 90°
Tube collapse
70°C No Moderate [10-15sec| Somewhat
bendable
_\/\ Tube collapse ,\/_

FIG. 58
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_\/\ 100° C No Slight  [10 - 20 sec Bendable /\/_
Partial tube
collapse
~250° C No Very slight |10 — 20 sec Sample
(Heated by collapsed due to
hot air gun) thermal stresses
| 2c No |[Veryslight| -— | Verybendable
(room but relaxed
temperature) back to original
shape
37°C No Very slight | Immediate | Very bendable
(body but relaxed
temperature) back to original
shape
65° C Slightly | Very slight | Immediate | Very bendable
but relaxed
back to original
shape

FIG. 58 (Cont.)
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Normal
NOSE Score
Z _7
X Pre Impla 6 Months | 12 Months
NVB0O01 15 1 0
NVB002 6 0 0
NVB003 12 7 6
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NASAL IMPLANTS AND SYSTEMS AND
METHODS OF USE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit under 35 U.S.C. §119
of U.S. Patent Application No. 61/770,008 filed Feb. 27,
2013 and U.S. Patent Application No. 61/785,816 filed Mar.
14, 2013, the disclosures of which are incorporated herein
by reference.

INCORPORATION BY REFERENCE

All publications and patent applications mentioned in this
specification are herein incorporated by reference to the
same extent as if each individual publication or patent
application was specifically and individually indicated to be
incorporated by reference.

FIELD

The present invention pertains to implants for placing in
a body, tools for delivering the implants, and systems and
methods for using implants and tools for placing in a body
and more particularly to nasal implants, tools for delivering
nasal implants, and systems and methods for using such
implants and tools.

BACKGROUND

The particular nasal anatomy of an individual may cause
or contribute to various problems, such as cosmetic con-
cerns, difficulty breathing, sleep apnea, or snoring, and
impact an individual’s health or reduce the quality of life.
For example, the structure of an external or internal nasal
valve may resist airflow from the nose to the lungs and
prevent an individual from getting sufficient oxygen to the
blood.

U.S. Pat. No. 8,133,276, U.S. Pat. No. 7,780,730, and
U.S. 2012/0109298 describe implants that can be introduced
into the nasal region of an individual using non-surgical
injection techniques for treating a nasal valve of an indi-
vidual.

There is a continued need for improvements to address
problems attributed to nasal anatomy that are easier to use,
last longer, are less invasive, are less expensive to manu-
facture, work better and so on.

SUMMARY OF THE DISCLOSURE

Described herein are implants for placing in a body, tools
for delivering the implants, and systems and methods for
using implants and tools for placing in a body and more
particularly to nasal implants, tools for delivering nasal
implants, and systems and methods for using such implants
and tools. These may be useful in minimally invasive
procedures, including outpatient procedures, and may result
in minimal pain and rapid recovery. These systems, assem-
blies and methods may be used, for example, in a doctor’s
office or clinic, and in some cases may require only a
suitable local anesthetic. These implants, assemblies, sys-
tems, and methods may be especially useful for supporting
or repairing nasal tissue, such as an internal nasal valve or
an external nasal valve. Some implants may provide a
long-term solution for improved nasal function or nasal
cosmesis: a semi-permanent implant that degrades over a
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long time period may provide short-term nasal tissue support
while the implant is intact and may initiate a body response
(e.g. a fibrotic response) that strengthens nasal tissues and
provides long-term nasal tissue support. A nasal treatment
system may employ a pre-shaped or shapeable nasal implant
including a bioresorbable material that provides structural
support of surrounding nasal tissue. The assemblies and
systems may penetrate through a patient’s nasal tissue and
allow precise positioning of an implant within a patient’s
nose.

One aspect of the invention provides a nasal implant
delivery system including a delivery device and an implant.
In some embodiments, the system includes a grippable
housing with an implant delivery conduit having a piercing
end configured to pierce a nasal tissue. In some embodi-
ments, the conduit includes an interior orienting portion with
a cross-sectional shape configured to orient an implant
relative to the conduit. In some embodiments, the system
includes a longitudinal implant including a resiliently
deformable portion configured to have a contracted first
shape and an expanded second shape. In some such embodi-
ments, the first shape comprises a non-circular cross-section
configured to orient the implant relative to the conduit by the
conduit orienting portion when the implant is in place in the
conduit. In some embodiments, the second shape includes an
expanded shape configured to anchor the implant to nasal
tissue when the implant is in place in the nasal tissue.

In some embodiments, the delivery device is configured
to hold the implant near a distal end of the conduit when the
implant is in the conduit. In some embodiments, the conduit
is configured to hold the implant near a distal end of the
conduit when the implant is in the conduit. In some embodi-
ments, the conduit includes a 14 gauge, a 16 gauge, or an 18
gauge needle and the implant is configured to sit in the
needle. In some embodiments, the delivery tool includes a
window along its length configured to accept the implant
into the conduit. In some embodiments, the delivery device
is configured to hold the implant at a proximal side of a bevel
on the distal end of the conduit when the implant is in the
conduit. In some embodiments, the conduit cross-sectional
shape includes an ellipse. In some embodiments, the conduit
and implant are configured to provide a friction fit between
the conduit and the implant when the implant is in the
conduit.

In some embodiments, the resiliently deformable portion
includes tines configured to have the contracted first shape
and the expanded second shape. In some embodiments, the
resiliently deformable portion includes tines at an end of the
implant. In some embodiments, a length of the implant
includes a plurality of repeating features. In some embodi-
ments, the implant includes a plurality of ribs with alternat-
ing raised regions and depressed regions. In some embodi-
ments, the implant includes a first end feature and a second
end feature different from the first end feature. In some
embodiments, the first end feature includes a rounded end.
In some embodiments, the implant includes a biodegradable
material. In some embodiments, the implant includes a
biocompatible biodegradable poly-L-lactic acid (PLLA) or
poly-D-lactic acid (PDLA). In some embodiments, the
implant is configured to provide an implant flexural rigidity
between 2.5¢7°, and 1.5¢7°.

Some embodiments include a stylet having a proximal
graspable portion and a distal pushing portion configured to
fit in the conduit. In some such embodiments, the stylet is
configured move the implant through the conduit and into
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the tissue when the implant and the pushing portion are in
place in the conduit and the pushing portion is moved
through the conduit.

Another aspect of the invention provides a biodegradable
longitudinal implant including a first end including a resil-
iently deformable portion configured to have a contracted
first shape and an expanded second shape. In some embodi-
ments, the first shape includes a non-circular cross-section
configured to orient the implant relative to a delivery conduit
in a nasal implant delivery device. In some embodiments,
the second shape includes an expanded shape configured to
anchor the implant to nasal tissue when the implant is in
place in the nasal tissue. Some embodiments include a
second end including a second feature different from the first
feature. Some embodiments include a length therebetween
the first end and the second end, including a plurality of
repeating features. In some embodiments, the implant has an
outer diameter less than 1.5 mm or less than 1.2 mm when
in the contracted first shape.

In some embodiments, the implant is configured to pro-
vide an implant flexural rigidity between 2.5e-6, and 1.5¢e-5.
In some embodiments, a length of the implant is less than 30
mm or less than 25 mm. In some embodiments, the resil-
iently deformable portion includes tines at an end of the
implant. In some embodiments, the length includes a plu-
rality of repeating features. In some embodiments, the length
includes a plurality of ribs with alternating raised regions
and depressed regions. In some embodiments, the first end
feature includes a rounded end. In some embodiments, the
implant includes a biocompatible biodegradable poly-L.-
lactic acid (PLLA) or poly-D-lactic acid (PDLA).

Another aspect of the invention provides system for
placing an implant into a nasal tissue of a patient including
an assembly with a grippable housing, a delivery conduit
control mechanism, and an implant delivery conduit. In
some embodiments, the implant delivery conduit includes a
piercing end configured to pierce a body tissue. In some
embodiments, the conduit configured to hold an implant and
to place the implant in the body tissue. In some such
embodiments, a movement of the delivery conduit is con-
trollable by the delivery conduit control mechanism. In
some embodiments, the delivery conduit control mechanism
is configured to move the delivery conduit away from the
implant and towards the housing without moving the
implant.

Some embodiments include an implant pusher member
configured to connect with an end of the implant in the
delivery conduit. In some such embodiments, the implant
pusher member is configured to control a position of the
implant when the implant is in place in the conduit. In some
embodiments, the delivery conduit control mechanism is
further configured to move the conduit away from the
implant pusher member.

Some embodiments include a first trigger member on an
outside of the housing. In some such embodiments, the first
trigger member is configured to be activated by a finger of
a user. In some such embodiments, the activation moves the
delivery conduit from a first position to a second position. In
some such embodiments, the first trigger member is config-
ured to move the delivery conduit into the housing when the
trigger member is activated. In some embodiments, the
trigger member is configured to be activated by a finger of
a user pulling the trigger member. Some such embodiments
include a handgrip proximal to the first trigger member. In
some such embodiments, the handgrip is configured to be
partially encompassed by a hand of the user when a finger
of a user in place on the first trigger member. In some
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embodiments, the trigger arrangement and handgrip are
further configured to be usable by either a lefi-handed
person or a right-handed person. Some embodiments include
a second trigger member on a generally opposite side from
the first trigger member wherein the first trigger member and
second trigger member are configured to be simultaneously
pulled using fingers from a hand of a user.

In some embodiments, the implant pusher member is
configured to hold the implant in place when the delivery
conduit moves away from the implant. In some embodi-
ments, a user controllable safety element is configured to
hold the delivery conduit in an advanced position relative to
the housing.

Some embodiments further include an implant, e.g.,
including a biodegradable material. Some such embodi-
ments include an implant pusher member wherein the
implant pusher member and implant comprise mating ends.

Some embodiments further include a support member
connected with the grippable housing and configured to abut
a face of a patient, e.g., such as when the delivery conduit
is being retracted from the implant during assembly use.

Another aspect of the invention provides a method of
implanting an implant into a nasal tissue of a patient. Some
embodiments include the steps of loading an implant into a
grippable housing, the housing including a delivery conduit
control mechanism for controlling movement of a delivery
conduit; attaching an implant delivery conduit with the
housing; advancing the implant through the conduit until the
implant is close to the distal end of the conduit; and piercing
a nasal tissue with the piercing end of the implant delivery
conduit by moving the implant delivery conduit through the
nasal tissue; retracting the delivery conduit from the implant
and into the grippable housing the delivery conduit control
mechanism to thereby leave the implant in place in the nasal
tissue; and removing the implant delivery conduit from the
patient. In some embodiments, movement of the conduit is
controllable by the delivery conduit control mechanism.

Some embodiments include the step of releasing a user-
controlled safety mechanism to thereby allow delivery con-
duit movement; and advancing the implant further to the end
of the conduit. Some embodiments include the step of
apposing the proximal end of the implant with an implant
pusher member to thereby prevent movement of the implant
relative to the delivery conduit during the retracting the
delivery conduit step. In some embodiments, the housing is
connected with a support member, the method further
includes the step of contacting support member with a face
of a patient to thereby hold the housing in place on the face
of the patient during the retracting the delivery step.

Another aspect of the invention provides a method of
deliver an implant to a nasal tissue. Some embodiments
include the steps of placing a hollow delivery conduit
holding a resiliently deformable implant having a first shape
into a nasal tissue; and removing the hollow delivery conduit
away from the implant to thereby change the implant into a
second shape.

Another aspect of the invention includes a system for
shaping an implant in a tissue in a body including a
grippable housing including a delivery conduit control
mechanism, an implant delivery conduit, and an energy
delivery element. Some embodiments include a grippable
housing including a delivery conduit control mechanism
configured to control a delivery conduit movement. Some
embodiments include an implant delivery conduit with a
piercing end, the conduit connected with the delivery con-
duit control mechanism and configured to pierce a body
tissue with the piercing end and place an implant in the
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tissue. Some embodiments include an energy delivery ele-
ment configured to deliver energy to the implant when the
implant and energy delivery element are in place in the
tissue. Some embodiments include an energy source for
delivering energy to the energy delivery element. Some
embodiments include an energy source controller configured
to control the energy delivered to the energy delivery device
from the energy source.

Some embodiments further include an energy-responsive
implant disposed within the implant delivery conduit and
configured to change from a first shape to a second shape in
response to an energy delivered from the energy delivery
element. In some such embodiments, the energy-responsive
implant is configured to change from a first shape to a
second shape by conforming to a shape of a structure in the
body tissue. In some embodiments, the energy-responsive
implant comprises a heat-responsive biodegradable mate-
rial. In some embodiments, the energy-responsive implant
includes at least one of poly-L-lactic acid (PLLA) or poly-
D-lactic acid (PDLA). In some embodiments, the energy-
responsive implant includes an internal cavity configured to
accept the energy delivery element. In some embodiments,
the energy delivery element is configured to deliver heat to
the implant. In some embodiments the delivery conduit
control mechanism is configured to move the implant deliv-
ery conduit away from the energy-responsive implant to
thereby place the implant in contact with nasal tissue.

Some embodiments further include an indicator config-
ured to indicate a readiness of an energy source to deliver
energy to the energy delivery element.

In some embodiments, the energy delivery element
includes a flexible material configured to conform to a shape
of the implant. In some embodiments, the energy delivery
element includes a resistive wire configured to fit inside the
implant. In some embodiments, the energy delivery element
is configured to at least partially wrap around an implant
when the element is in use. In some embodiments, the
energy delivery element further includes a ribbon.

Some embodiments include an insulating material con-
figured to separate the energy delivery element from the
nasal tissue when the energy delivery element is in use to
deliver energy to an implant.

In some embodiments, the implant delivery conduit is
configured to at least partially retract inside the grippable
housing. In some such embodiments, the energy delivery
element is configured to travel from the grippable housing
along an outside of the implant delivery conduit when the
conduit is in a partially retracted position in the housing. In
some such embodiments, the implant delivery conduit is
further configured to travel past the piercing end of the
implant delivery conduit and to thereby at least partially
surround the implant. In some other embodiments, the
energy delivery element further includes a clasping element
configured to hold the energy delivery device to an outside
of'the implant delivery conduit. In some other embodiments,
the energy delivery element further includes an insulating
material configured to separate the energy delivery element
from the tissue when the energy delivery element is in use
for delivering energy to the implant.

Some embodiments include an energy delivery control
mechanism connected with the housing and configured to
move the energy delivery element relative to the body tissue
or relative to an implant. In some such embodiments, the
energy delivery control mechanism is further configured to
move the energy delivery element relative to the housing.
Some such embodiments include a pulley mechanism con-
figured to pull the energy delivery element into the housing.
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Some embodiments include a user interface element on an
outside of the housing configured to control an action of the
energy delivery control mechanism to thereby control the
energy delivery element in response to a user.

In some embodiments, the implant delivery conduit is
configured to hold an implant within 10 mm of the piercing
end during implant placement in the tissue.

Another aspect of the invention provides a method of
changing a shape of a nose. Such a method may include the
steps of inserting an energy-responsive implant having a first
shape into a nasal tissue; inserting an energy delivery
element into the nasal tissue; delivering energy from the
energy delivery element to the energy-responsive implant to
thereby increase a flexibility of the energy-responsive
implant; shaping the energy-responsive implant into a sec-
ond shape; removing energy from the energy-responsive
implant to thereby hold it in the second shape; removing the
energy delivery element from the nasal tissue apposing the
energy-responsive implant having the second shape to a
nasal tissue; and applying a force from the energy-respon-
sive implant to the nasal tissue to thereby change the shape
of the nose.

In some embodiments, the step of shaping the implant into
a second shape includes conforming the implant to a shape
of a portion of the nasal tissue. Some embodiments include
the step of applying a force to the portion of the nasal tissue,
e.g., to create a desired shape wherein shaping the implant
includes conforming the implant to the desired shape of the
portion of the nasal tissue. In some embodiments, the step of
changing a shape of the nose includes changing the shape of
a nasal valve.

Another aspect of the invention provides method of
shaping a nasal implant in a nasal tissue. The method may
include the steps of implanting an energy-responsive
implant having a first shape into a nasal tissue; inserting an
energy delivery element into an individual’s nose; delivering
energy from the energy delivery element to the implant to
thereby increase a flexibility of the implant; shaping the
implant to a second shape; and removing energy from the
implant to thereby hold the implant in the second shape.

In some embodiments, the shaping step includes conform-
ing the implant to a shape in the body. In some embodi-
ments, the removing energy step includes decreasing a
flexibility of the implant. In some embodiments, the deliv-
ering energy step includes heating the implant. In some such
embodiments, delivering energy includes heating an implant
material above the material glass transition temperature
(Tg). Some embodiments include the step of moving the
energy delivery element into contact with the implant prior
to the delivering energy from the energy delivery element
step. In some embodiments, the step of inserting an energy
delivery element includes inserting an energy delivery ele-
ment connected with a housing, the housing including a
monitoring element, the method further including monitor-
ing at least one of an intensity of the energy from the energy
delivery element, a temperature of the implant, and a tem-
perature of the nasal tissue. In some embodiments, the
monitoring step includes using an open control loop process
in the monitoring element. In some embodiments, the moni-
toring step includes using closed control loop process in the
monitoring element.

Some embodiments further include the step of placing the
implant in contact with a nasal tissue prior to the delivering
energy from the energy delivery element step. Some
embodiments further include the step of placing the implant
in contact with a nasal tissue after the delivering energy from
the energy delivery element step. In some embodiments, the
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steps of delivering the energy and shaping the implant
comprises performing the steps simultaneously using a
single tool. Some embodiments include repeating the deliv-
ering energy from the delivery element step, and the method
further includes shaping the implant to a third shape. Some
such embodiments include the step of removing energy from
the implant to thereby hold the implant in the third shape.

Some embodiments include the step of implanting a
second energy responsive implant into a nasal tissue and
repeating the delivering energy from the energy delivery
element to the implant to thereby increase a flexibility of the
implant. Some such embodiments further include the step of
shaping the implant to a second shape. Some such embodi-
ments further include the step of removing energy from the
implant to thereby hold the implant in the second shape on
the second implant.

In some embodiments, the energy delivery element
includes a flexible energy delivery element disposed along a
length of the implant, and the shaping step further includes
simultaneously shaping the energy delivery element and
shaping the implant to a second shape wherein delivering
energy comprises delivering energy during the shaping step.

In some embodiments, the shaping step includes placing
pressure on the implant using a shaping instrument applied
to at least one of the inside of the nose and the outside of the
nose. In some embodiments, the shaping step includes
placing pressure on the implant before and during the
removing energy from the implant step. Some embodiments
include the step of leaving the implant partially in the needle
during the shaping the implant step. Some embodiments
include repeating the delivering energy from the energy
delivery element to the implant after the removing step, and
the method further includes the step shaping the implant into
a third shape.

In some embodiments, implanting further includes the
steps of inserting a tip of the needle into the nose, the needle
enclosing the implant and an implant pusher member; mov-
ing the needle, implant and implant pusher member through
nasal tissue; retracting the needle proximally relative to both
the implant pusher member and the implant; and retracting
the implant pusher member away from the implant. Some
such embodiments further include the steps of moving the
energy delivery element relative to the implant after the
moving the needle, implant and implant pusher member
step; activating the energy delivery element; verifying a
temperature of the energy delivery element; warming the
implant; alerting the user when a set period of time has
passed; shaping the implant; removing the energy source
from the implant; maintaining a pressure on the implant to
maintain an implant shape during the removing step; remov-
ing the pressure from the implant; verifying the shape of the
implant; and removing the heating element from the implant
without disturbing the position of the implant. Some
embodiments include the step of maintaining the implant
pusher member in place during the removing the energy
delivery element step. Some such embodiments include the
step of placing a shaping utensil in the nasal tissue and
shaping includes shaping using the shaping utensil. Some
embodiments include the step of veritying the shape of the
implant after the shaping step.

Another aspect of the invention provides another method
of shaping an implant in a nasal tissue, e.g., by heating the
delivery conduit. Some embodiments include the steps of
placing an implant delivery conduit encompassing an
implant in the nasal tissue, wherein the implant comprises a
first shape; heating a portion of the delivery conduit to

10

15

20

25

30

35

40

45

50

55

60

65

8

thereby heat the implant; and after the heating step, shaping
the implant into a second shape.

Some embodiments further include the step of retracting
the implant delivery conduit from the nasal tissue and from
the implant to thereby place the implant in contact with the
nasal tissue after the shaping step. In some embodiments, the
implant delivery conduit includes a needle generally con-
centric with and external to a cannula and the cannula
includes an energy delivery element, the method further
includes the step of partially retracting the needle away from
the implant before the heating a portion of the delivery
conduit step. Some such embodiments include the step of
partially retracting the cannula before the shaping the
implant step.

In some embodiments in which the implant delivery
conduit includes a beveled needle, the method further
includes heating the nasal tissue in the vicinity of the
delivery conduit with the heated delivery conduit. In some
embodiments in which the implant delivery conduit includes
a heated internal portion, the method further includes insu-
lating the nasal tissue from the heated internal portion. In
some embodiments, the heating step includes heating the
implant to a temperature at or above the glass transition
temperature (Tg) of an implant material. In some embodi-
ments, the heating step includes the step of heating the
implant above body temperature but below the glass tran-
sition temperature (Tg) of an implant material.

Another aspect of the invention includes system for
shaping an implant in a tissue in a body including a first
grippable housing including an implant delivery conduit
control mechanism; a second grippable housing including an
energy delivery element control mechanism; and an energy
delivery element. In some embodiments, the first grippable
housing includes an implant delivery conduit control mecha-
nism configured to connect with and move an implant
delivery conduit relative to an energy-responsive implant,
and the grippable housing configured to receive the implant
delivery conduit and connectable with a joining element. In
some embodiments, an implant delivery conduit is con-
nected with the joining element and configured to hold an
implant. Some embodiments include a second grippable
housing including an energy delivery element control
mechanism configured to connect with and move the energy
delivery element relative to the implant, and further config-
ured to deliver energy to the energy delivery element, the
second housing connectable with a joining element. Some
embodiments include a joining element connectable with the
energy delivery element, the first grippable housing, and the
second grippable housing. Some embodiments include an
energy delivery element configured to delivery energy to an
energy-responsive implant when the element and implant
are in place. In some embodiments, the connector is con-
figured to connect with only one of the first housing or the
second housing at any given time.

Some embodiments include an energy responsive
implant. Some embodiments include a power source con-
nected with the second grippable housing.

Yet another aspect of the invention provides a method of
shaping a nasal implant including at least partially encap-
sulating the implant with a flexible energy delivery device
and delivering energy from the delivery device to the
implant. Some embodiments include the steps of placing an
energy-responsive implant into a nasal tissue; at least par-
tially encapsulating the implant with a flexible energy deliv-
ery element configured to deliver energy to the implant;
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delivering energy from the energy delivery element to the
implant; and after the delivering step, shaping the implant
into a desired shape.

In some embodiments, the flexible energy delivery ele-
ment includes a flat strip, and the step of at least partially
encapsulating includes placing the flat strip along an outside
of the implant. In some embodiments, the implant includes
an internal hollow region, and the step of at least partially
encapsulating includes placing a resistive material inside the
hollow region. In some embodiments, the step of at least
partially encapsulating includes placing a resistive wire
inside the internal hollow region, wherein the resistive wire
configured to deliver heat to the implant. Some embodi-
ments include an insulation element and the method further
includes the step of insulating nasal tissue from energy
coming from at least one of the implant and the energy
delivery element. Some embodiments include the step of
removing the flexible energy delivery element from the
nasal region.

Yet another aspect of the invention provides a method of
shaping a nasal implant in a nasal tissue, including inserting
an energy delivery conduit holding an implant into a nasal
tissue and retracting the conduit to expose the implant to an
outside of the conduit, and delivering energy to the implant.
The method may include the steps of inserting a energy
delivery conduit into a nasal tissue, the conduit holding an
energy-responsive implant having a first shape, the conduit
having an energy delivery element disposed along an outside
surface; retracting the conduit relative to the implant and
relative to the energy delivery element to thereby expose a
portion of the energy-responsive implant on an outside the
conduit; placing the energy delivery element in proximity to
the energy-responsive implant wherein the conduit holds a
portion of the implant; delivering energy from the energy
delivery element to the energy responsive implant to thereby
increase an implant flexibility; applying a force to the
implant to thereby change the implant from a first shape to
a second shape; and removing energy from the implant to
thereby hold it in the second shape.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features of the invention are set forth with
particularity in the claims that follow. A better understanding
of the features and advantages of the present invention will
be obtained by reference to the following detailed descrip-
tion that sets forth illustrative embodiments, in which the
principles of the invention are utilized, and the accompany-
ing drawings of which:

FIGS. 1A-J show nasal tissue and various embodiments
of implants for implanting in nasal tissue according to the
disclosure.

FIGS. 2A-B show different views of embodiment of an
implant delivery device for implanting a nasal implant into
nasal tissue.

FIGS. 3A-B show different views of another embodiment
of an implant delivery device for implanting a nasal implant
into nasal tissue.

FIGS. 4A-B show different views of another embodiment
of an implant delivery device for implanting a nasal implant
into nasal tissue.

FIGS. 5A-B show different views of another embodiment
of an implant delivery device for implanting a nasal implant
into nasal tissue.

FIGS. 6A-B show views of another embodiment of an
implant delivery device for implanting a nasal implant into
nasal tissue. FIGS. 6C-E show embodiments of implants that
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10
may be implanted such as by using the implant delivery
device shown in FIGS. 6A-B.

FIGS. 7A-C shows how an implant delivery device is
loaded with an implant, advanced to deliver an implant to a
nasal tissue, and retracted from the tissue according to some
embodiments.

FIGS. 8A-C shows how another implant delivery device
is loaded with an implant, advanced to deliver an implant to
a nasal tissue, and retracted from the tissue according to
some embodiments.

FIGS. 9A-C shows how yet another implant delivery
device is loaded with an implant, advanced to deliver an
implant to a nasal tissue, and retracted from the tissue
according to some embodiments.

FIGS. 10 A-J show embodiments of nasal implants and
various implant features. FIGS. 10. K-N show cross-sec-
tional views of various embodiments of nasal implants.

FIG. 11 shows an embodiment of an implant delivery
device for implanting a nasal implant into nasal tissue.

FIGS. 12A-B show different views of yet another embodi-
ment of an implant delivery device for implanting a nasal
implant into nasal tissue. FIG. 12C shows another view of an
embodiment of an implant delivery device.

FIGS. 13A-C show different views of yet another embodi-
ment of an implant delivery device for implanting a nasal
implant into nasal tissue.

FIG. 14 shows a longitudinal cross-section view of
another embodiment of an implant delivery device.

FIGS. 15A-C show various embodiments of handle grips
of implant delivery devices.

FIG. 16 shows another embodiment of an implant deliv-
ery device with a different handle grip.

FIG. 17 shows an embodiment of implant delivery device
with a contour grip.

FIG. 18 shows an embodiment of an implant delivery
device with another type of handle grip.

FIG. 19 shows an embodiment of an implant delivery
device with another type of handle grip.

FIG. 20 shows an embodiment of an implant delivery
device with another type of handle grip.

FIG. 21 shows an embodiment of an implant delivery
device with another type of handle grip.

FIG. 22 shows a portion of an embodiment of an implant
delivery system for shaping an implant in a tissue in a body.

FIGS. 23A-N show a method of shaping a nasal implant
in a tissue using an implant delivery device such as the one
shown in FIG. 22 according to one aspect of the disclosure.

FIGS. 24A-E show another embodiment of a system
using energy for shaping an implant in a tissue in a body.

FIGS. 25A-C show another embodiment of a system
using energy for shaping an implant in a tissue in a body.

FIGS. 26A-D show another embodiment of a system
using energy for shaping an implant in a tissue in a body.

FIGS. 27A-G show another embodiment of a system
using energy for shaping an implant in a tissue in a body.

FIG. 28 shows an embodiment of a heating device and
battery that can be used with a system using energy for
shaping an implant in a tissue in a body, such as the system
shown in FIGS. 27A-G.

FIG. 29 shows an embodiment of an assembly with a
support member useful for holding an implant delivery
device in place during use.

FIG. 30 shows another view of an assembly with a
support member useful for holding an implant delivery
device in place during use.
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FIG. 31 shows another view of an assembly with a
support member useful for holding an implant delivery
device in place during use.

FIGS. 32A-D show different views of another embodi-
ment of a nasal implant system that may be useful for
holding an implant in position in a tissue during needle
retraction.

FIGS. 33A-C show different views of another embodi-
ment of a nasal implant system that may be useful for
holding an implant in position in a tissue during needle
retraction.

FIGS. 34A-C show different views of another embodi-
ment of a nasal implant system that may be useful for
holding or pushing an implant in position in a tissue during
needle retraction.

FIGS. 35A-C show different views of another embodi-
ment of a nasal implant system that may be useful for
holding or pushing an implant in position in a tissue during
needle retraction.

FIGS. 36 A-F show different views of another embodi-
ment of a nasal implant system for holding or pushing an
implant in position in a tissue and for holding an implant in
an expanded configuration.

FIGS. 37A-C show different views of another embodi-
ment of a nasal implant system useful for delivering a
hollow implant to a nasal tissue.

FIG. 38 shows a sheet of implants connected by bridges.

FIGS. 39A-D show an embodiment of a delivery tool for
separating an implant from a sheet of implants, such as the
sheet shown in FIG. 38, and for delivering the implant to a
nasal tissue.

FIGS. 40A-C show another embodiment of a delivery tool
for separating an implant from a sheet of implants, such as
the sheet shown in FIG. 38, using a pusher and for delivering
the implant to a nasal tissue.

FIGS. 41 A-D show another embodiment of a delivery
tool for separating an implant from a sheet of implants, such
as the sheet shown in FIG. 38, for shearing the implant,
shaving the outer surface of the implant, for delivering the
implant to a nasal tissue.

FIG. 42 shows an embodiment of an adjustable delivery
tool adjustable useful for handling different sizes of
implants.

FIGS. 43 A-E show an embodiment of a delivery tool with
a spring loaded clip for storing a multiple implants or a sheet
of implants.

FIGS. 44A-F shows another embodiment of an implant
delivery tool with a revolvable cylindrical housing for
holding multiple implants.

FIGS. 45A-D show another embodiment of an implant
delivery tool for holding multiple implants end-to-end.

FIG. 46A is an end view of a sheet of nasal implants
connected by bridges. FIG. 46B is a perspective view of the
sheet.

FIG. 47A is an end view of another sheet of nasal implants
connected by bridges. FIG. 47B is a perspective view of the
sheet.

FIG. 48A is an end view of another sheet of nasal implants
connected by bridges and openings that may allow for a
needle and suture to pass through. FIG. 48B is a perspective
view of the sheet.

FIG. 49A is a partial end view of another sheet of nasal
implants separated by a large sheet section with holes. FIG.
49B is a perspective view of the sheets.

FIG. 50A is a partial end view of another sheet of nasal
implants aligned in pairs. FIG. 50B is a perspective view of
the sheet.
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FIG. 51A is a partial end view of another sheet of nasal
implants having rounded ends and connected by bridges
with openings. FIG. 51B shows a perspective view of the
sheet.

FIGS. 52A-H show details of another sheet of nasal
implants connected by bridges.

FIGS. 53A-B show an implantable sheet being cut.

FIGS. 54A-C show results of flexural rigidity from a
flexed implant rod.

FIGS. 55A-B show results from a 1000 cycle test using a
test fixture.

FIGS. 56A-B show results from testing the implant
migration after manually flexing tissue for 5 minutes.

FIG. 57 shows a table of material property test results of
candidate implants made into various shapes and sizes.

FIG. 58 shows a table of results from testing various
material samples with heat for moldability and brittleness.

FIGS. 59A-B shows different views of the anatomy of the
nose including the external nasal valve and internal nasal
valve.

FIGS. 60A-B show a collapsed nasal valve upon inhala-
tion.

FIGS. 61A-D show a delivery system with different views
of a delivery tool (FIGS. 60A-B) and implants (FIGS.
60C-D) that may be delivered using the delivery tool.

FIGS. 62A-D show implants that may be formed as a long
structure (FIG. 63D). FIG. 63C shows a detail view of the
section indicated by “A” in FIG. 62B.

FIGS. 63A-C show embodiments of different hand-held
delivery tools with different types of hand-grips.

FIGS. 64A-B show a delivery tool with the needle
advance (FIG. 64A) and retracted (FIG. 64B) according to
one aspect of the invention.

FIG. 65 shows examples of nasal implants implanted in
nasal tissue according to one aspect of the invention.

FIGS. 66A-C show examples of nasal implants implanted
in nasal tissue according to one aspect of the invention.
FIGS. 66A-B show placement of implants in a “spreader”
region.

FIGS. 67A-C show an embodiment of a method for
placing one or more implants in nasal tissue.

FIGS. 68A-D show steps in preparing an implanting an
implant in a nose.

FIG. 69 shows subjective interpretation of nasal obstruc-
tion symptoms after implanting implants in a pilot study
after 6 months and 12 months, compared with pre-implan-
tation symptoms.

DETAILED DESCRIPTION

Various regions of airway tissue can impact airflow to the
lungs. One major impact on airflow is from airflow resis-
tance from the nose. The highest resistance structures in the
nose may be the narrowest regions, such as the external
nasal valve and the internal nasal valve. During normal
inspiration, nasal valve cartilage around these valves pre-
vents or reduces valve collapse and helps maintains airway
patency. Incompetent internal and/or external valves can
collapse and obstruct airflow during inhalation. Problems
with the nasal septum, nasal turbinates, lateral cartilage, or
other structures due to, for example, aging, poorly formed or
weak cartilage, surgery (e.g. rhinoplasty, septoplasty) and/or
trauma can lead to nasal valve problems and impact airflow.

Surgical treatments (e.g. submucosal resection of turbi-
nates, septoplasty) have been used in the past to reduce the
size of the turbinates or correct deviated septum or to repair
the nasal wall in order to improve the nasal valves and
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airflow. These surgical treatments are invasive, uncomfort-
able and require significant time to recuperate. Furthermore,
they do not readily address problems with the lateral carti-
lage wall. The lateral cartilage wall has been repaired, for
example, by cartilaginous graft techniques using additional
material (cartilage) from the nose or ear. In addition to the
above mentioned limitations, these techniques are expensive
(e.g. thousands of dollars), highly invasive, require a high
level of surgical experience, have long, painful recovery
times (e.g. 3 weeks of downtime), do not always work well
and require a second surgical invasion site (into the nasal
area or ear to obtain cartilage). Invasive nasal surgery is
complicated by the ongoing need to use the surgical site for
breathing. Thus, invasive surgical approaches are far from
ideal. Non-surgical approaches for nasal valve collapse
include strips or stent-like materials (e.g. “BreathRight”,
Breathe with EEZ, Nozovent”) that are placed on or around
the nose. These temporary, suboptimal approaches suffer
from limited efficacy and poor cosmesis.

Provided herein are implants, assemblies, systems, and
methods using implants, assemblies, and systems that may
be used for supporting and repairing a body tissue. These
may be useful in minimally invasive procedures, including
outpatient procedures, and may result in minimal pain and
rapid recovery. These systems, assemblies and methods may
be used, for example, in a doctor’s office or clinic, and in
some cases may require only a suitable local anesthetic.
These implants, assemblies, systems, and methods may be
especially useful for supporting or repairing nasal tissue,
such as an internal nasal valve or an external nasal valve.
Some implants may provide a long-term solution for
improved nasal function or nasal cosmesis: a semi-perma-
nent implant that degrades over a long time period may
provide short-term nasal tissue support while the implant is
intact and may initiate a body response (e.g. a fibrotic
response) that strengthens nasal tissues and provides long-
term nasal tissue support. A nasal treatment system may
employ a pre-shaped or shapeable nasal implant including a
bioresorbable material that provides structural support of
surrounding nasal tissue. The assemblies and systems may
penetrate through a patient’s nasal tissue and allow precise
positioning of an implant within a patient’s nose.

FIG. 1A shows the underlying structural anatomy and
tissues of a face with the muscles and skin removed. Bones
of'the nose and the rest of the face are indicated. An implant
may be placed apposed to, within or attached or connected
to any of the nasal tissues or surrounding tissues. In some
embodiments, an implant is placed within a nasal tissue. In
some embodiments, an implant is partially within a nasal
tissue and partially within a surrounding tissue (e.g., a
maxilla).

One aspect of the invention provides a nasal implant for
nasal valve repair. Such a nasal implant may be used to
strengthen or otherwise repair valves that previously may
have been treated using a cartilage grafting technique. FIGS.
1B and 1C show prior implants used for internal valve
repair. FIG. 1B shows a spreader graft implanted into a
patient’s nose. FIG. 1C shows an alar batten graft implanted
into a patient’s nose. FIG. 1D shows four implants according
to one embodiment of the invention implanted into a
patient’s nose to strengthen the nasal valves in these same
regions. Any type of implant may be used, such as any of
those described herein or in U.S. Pat. No. 8,133,276, U.S.
Pat. No. 7,780,730, and U.S. 2012/0109298. A method for
using an implant may include the steps of moving the
implant though the mucosa, passing the implant through the
nasal region medial to the lateral cartilage, and passing the
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implant along the maxilla. An implant may additionally, or
instead, be placed for treating a spreader region, submu-
cosally, between the lateral cartilage and septal cartilage. In
some embodiments, the implants are made of an absorbable
material. They are implanted in positions that support the
lateral wall cartilage and help resist or reduce movement of
the cartilage during inhalation, thereby keeping the patient’s
airway open. As shown, the implants are positioned such
that their distal most points are in close contact with the
maxilla. The implant may be disposed between the maxilla
and the overlying soft tissue (as shown in FIGS. 1F and 1G).
FIG. 1F shows internal anatomy of a nose and a position (see
oval in FIG. 1F) in which an implant can be placed. Note that
the implant crosses (or lies adjacent to) one region that is
substantially maxillary bone and another region that is
substantially cartilage. FIG. 1G shows an implant in place in
nasal tissue, such as in the position shown in FIG. 1F relative
to nasal bone 4830, the frontal process of the maxilla 4832,
the lateral cartilage 4834, the greater lateral cartilage 4836,
the lesser alar 4838, and fibrofatty tissue 4840. Some of the
nasal tissue has been cut away in FIG. 1F to illustrate the
relationship of the implant relative to the nasal tissue in the
region of the maxilla bone. In particular, the implant is
leveraged between the maxilla bone 4844 below the implant
and the soft tissue above the implant. Soft tissue above the
bone (such as the periosteum, muscle, dermis 4842, etc.)
may be tightly apposed to the bone. The soft tissue and the
bone may envelope the implant and thereby hold it in place.
An implant held in this manner provides leverage to other
portions of the implant (e.g. those running through or near
the lateral cartilage) to hold the implant in place and to
provide support to the cartilage and to the nasal valve. This
leverage may allow the implant to support lateral cartilage
from collapse. The implant may be substantially prevented
from rotating and/or from moving longitudinally. An
implant may prevent inward movement of lateral cartilage
upon inspiration, but cause no change in cosmesis.

Alternatively, the distal face of the implant may be simply
placed in contact with the edge of the maxillary surface. In
both cases, the proximal end of the implant may extend to
a position under the lateral wall cartilage, as in a deep alar
graft.

The implant may also be placed in the same position as
the conventional spreader graft shown in FIG. 1B, ie.,
between the top rim of the septal cartilage and the lateral
wall cartilage to increase the angle of the lateral cartilage as
it extends from the base of the nose. FIG. 1H shows a view
looking into a patient’s nostrils before placement of
implants. FIGS. 11 and 1J show two implants that have been
placed endonasally through the mucosa to wedge between
lateral cartilage and the septum of the nose to increase the
internal nasal angle.

As indicated above, the nose is organized into a complex
3-dimensional geometry with a wide variety of tissue types
in a relatively small area. The 3-dimensional geometry is
important for these tissues (and associated tissues not shown
in these views) to carry out various functions, such as getting
air (especially oxygen) to the lungs, warming the air,
humidifying the air, and smelling odors—both good and
bad—from food and other items. A nasal implant placed in
the nose should improve (or maintain) nasal function and/or
improve (or maintain) nasal appearance without causing
unacceptable side effects. As such, placing the right implant
into the right tissue in the complex 3-dimensional structure
may provide these advantages. Controlling the short-term
and long-term effects of an implant on the nasal tissues may
also influence nasal implant success. An implant optimally
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sized and optimally shaped to fit into the particular nasal
tissue to have the desired effect may provide particular
success. An implant that fits into or even conforms to the
shape of a particular nasal tissue being treated (e.g. changed
or supported) may be especially beneficial in some cases.
Provided herein are implants, assemblies, systems, and
methods using such implants, assemblies, and systems, that
may be used to control the initial placement of an implant
into a tissue area of interest or provide an implant especially
suitable for short-term or long-term success in improving (or
maintaining) nasal function and/or nasal appearance.

FIGS. 2A-B, 3A-B, 4A-B, 5A-B, and 6A-E show simple
nasal implant systems and variations for inserting an implant
into a nasal tissue.

FIGS. 2A-B and FIGS. 3A-B show a nasal implant system
in use. FIG. 2A (perspective view) and FIG. 2B (longitudinal
cross-sectional view) show a nasal implant system in prepa-
ration for, or in the process of moving through, nasal tissue
for placing an implant in a nasal tissue. (Nasal tissue is not
shown in this view). FIG. 3A (perspective view) and FIG. 3
(longitudinal cross-sectional view) show the same nasal
implant system as it appears after the implant was placed in
the nasal tissue. The nasal implant system may include a
delivery needle, a stylet, and an implant.

FIGS. 2A-B show a system 150 including a hollow
delivery needle 152 for placing implant 104 into a nasal
tissue. Hollow delivery needle 152 has piercing end 162 for
penetrating the tissue for placement. Hollow needle 152 may
be held or may be moved using needle knob 156, such as by
pushing on needle knob 156 to insert needle 152 into a nasal
tissue or pulling on knob 156 to remove needle 152 from
nasal tissue and away from an implant. System 150 may
include implant 104. Implant 104 may be pre-loaded into
needle 152 prior to use by a physician or other user or may
be loaded by a physician or other user into needle 152 at the
time of treatment (e.g., at the time of a minimally invasive
or non-invasive procedure). System 150 may also include a
stylet 158 configured to fit inside needle 152. Stylet 158 may
hold implant 104 inside hollow needle 152 or may hold
implant 104 in a first position relative to the nasal tissue,
such as when needle 152 is retracted away from implant 104.
Stylet 158 may push implant 104 inside needle 152 to adjust
a position of implant 104. For example, stylet 158 may push
implant 104 to initially place or to re-position it in needle
152, such as prior to needle 152 and implant 104 being
placed into nasal tissue. Stylet 158 may push implant 104
into an implant insertion position such that distal end 168 of
implant 104 is near piercing end 162 of needle 104. In
particular, distal end 168 may be at the proximal side of the
bevel on the piercing end. Needle 156 is moved through
nasal tissue to an implant location. The depth of insertion of
the needle into tissue may be indicated by marks 164 visible
to the physician or other user. Such marks may, for example,
be in increments of 1 mm for up to 30 mm. Because the
depth of the needle in the tissue is indicated by the marks and
the needle will be retracted away from the implant, the
marks may precisely indicate the depth to which the implant
will be placed. The physician or other user may receive
tactile feedback from body tissue to determine when the
needle is in place. For example, the physician or other user
may “feel” the needle hitting a hard object (e.g., a bone) or
“feel” a change in the way the needle behaves. Alternatively,
if the needle comprises a radiopaque material, the physician
may “see” the position of a needle using imaging equipment.

After moving needle 156 through nasal tissue to the
implant location, but before the implant is released from the
needle, stylet 158 may push implant 104 into an implant

20

25

35

40

45

16

implantation position such that distal end 168 of implant 104
may be at the distal-most side of the bevel on the piercing
end. The movement of the distal end of the implant from the
proximal side of the bevel to the distal side of the bevel may
be movement between 0 mm and 10 mm, between 1 mm and
7 mm, or between 2 mm and 4 mm. Hollow delivery needle
152 holding an implant 104 may be placed into nasal tissue.

FIGS. 3A-B show the same nasal implant system as in
FIGS. 2A-B as it appears after the implant was placed in
nasal tissue. Structures changed in position in FIGS. 3A-B
relative to FIGS. 2A-B are indicated by the addition of a
lowercase letter (“a”, “b”, etc.) after the corresponding
reference numeral (such as 152q). In particular, after implant
104 was in the desired nasal tissue location (but was still
inside hollow needle 152) with stylet 158 abutting proximal
end 166 (e.g., the end nearest the physician or other user) of
implant 104, needle 1525 was retracted by moving (e.g.,
pulling) needle knob 1565 away from implant 104 to leave
implant 104 in the tissue in the same location as it was in
while inside the needle. In the next step, stylet knob 160 and
needle knob 1565 can be pulled (either together, or sepa-
rately), removing the stylet and the needle from the tissue,
leaving the implant in place in the tissue to improve (or
maintain) nasal function and/or improve (or maintain) nasal
appearance.

In another embodiment, needle 152 may be held still
relative to implant 104. In this case, implant 104 may be
pushed out of the needle by the pushing action of stylet 158
against the proximal end 166 of implant 104. In yet another
embodiment, implant 104 may be placed in the nasal tissue
(e.g. removed from the needle) using both actions: retracting
the needle away from the implant as well as pushing the
implant away from the needle with the stylet.

FIGS. 4A-B show another embodiment of a nasal implant
system for placing an implant into a nasal tissue similar to
the nasal implant system shown in FIGS. 2A-B and FIGS.
3A-B with different control features. Needle knob 176a-
1765 comprises an elongated knob and may be grasped or
held by a hand of a user or a finger and a thumb to move
needle 172, as described above, into and out of nasal tissue.
See also cross-sectional view 186. Stylet or pusher 178 may
be grasped or held by a hand of a user (e.g. a different hand)
or a finger and thumb of a user when the stylet is in place
inside needle 172 to hold implant 104 in place while
retracting needle 172 to place implant 104 into nasal tissue.

FIGS. 5A-B show another embodiment of a nasal implant
system implant for placing an implant into a nasal tissue
similar to the nasal implant systems shown in FIGS. 2A-B
and FIGS. 3A-B and FIGS. 4A-4B but with a contoured
needle and with different control features. Such a contoured
needle may be useful for placing a shaped (e.g. a contoured)
implant into a nasal tissue (e.g. for placing an implant into
an area that is hard to reach with a straight needle or for
contouring the implant into the tissue to better support the
tissue). A contoured implant may better conform to a tissue
shape to provide support. A pre-formed contoured implant
may be more effective at re-shaping a portion of a nasal
tissue from a first shape to a second shape, such as by
providing more force to the tissue. A contoured implant may
provide better support (e.g. compared with an implant with
a circular cross-section). FIG. 5A also shows the elliptical
cross-sections 181 of the implant and needle.

FIGS. 6 A-E show another embodiment of a nasal implant
system similar to the nasal implant systems described above.
An implant and an inside of a needle may comprise (match-
ing) elliptical cross-sectional shapes. However, the implants
shown in FIGS. 6C-6E are pre-formed to have a curvature.
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Some implants may comprise a resilient material. Some
implants may be temporarily deformed for a short time in a
needle (e.g. a curved implant may be placed in a straight
needle) in order for the needle to place the implant into a
nasal tissue. Some embodiments provide a method of plac-
ing an implant in a tissue, including the steps of applying a
force to an implant having a pre-delivery shape (or first
shape) in a needle to hold it in a delivery shape (or second
shape); placing the needle and the implant having the
delivery shape into a nasal tissue; and removing the needle
from the implant to thereby remove the force and allow the
implant to return to its pre-delivery shape (first shape). The
implant may include a soft barb to provide protection from
movement, as described in more detail below. The needle
cross section or shape provides for orientation of the
implant.

Another aspect of the invention includes a system for
placing an implant into a nasal tissue of a patient. Such a
system may include an assembly, including a grippable
housing and a delivery conduit control mechanism, and a
needle (or other implant delivery conduit such as a hollow
implant delivery conduit) with a piercing end configured to
pierce a body tissue, the conduit configured to hold an
implant and to place the implant in a body tissue wherein a
movement of the delivery conduit is controllable by the
delivery conduit control mechanism. Such a system may
allow the implant to be unsheathed from the needle once in
position in the tissue. Such unsheathing may allow an
implant to be placed with greater precision and control into
a specific nasal tissue region.

FIG. 7A shows a configuration of a nasal implant system
100 with an assembly 101 and a hollow delivery needle 102
(or other hollow delivery conduit) for implanting an implant
104 into a nasal tissue. FIG. 7A shows the implant being
loaded into the needle. FIGS. 7B and 7C show other
configurations of the same system during use for placing an
implant in a nasal tissue. FIG. 7B shows an implant loaded
in a needle and the needle advanced, just before needle
retraction to place the implant in position. FIG. 7C shows the
needle retracted away from the implant and the implant in
position in the nasal tissue. A structure in a different position
between related figures (e.g. between FIGS. 7A, 7B, and 7C)
is indicated by the addition of a letter (“a”, “b”, etc.) after the
corresponding reference numeral (such as 1014, 1015). FIG.
7A shows loading an implant into the nasal implant assem-
bly and moving the implant distally near the distal end of the
needle. FIG. 7B shows inserting the needle into nasal tissue
and advancing the implant distally to the distal end of the
needle. FIG. 7C shows retracting the needle and placing
(releasing) the implant into the tissue.

FIG. 7A shows a hollow delivery needle with a proximal
end (nearest the physician or other user) and a distal end
(nearest the patient), the distal end having a piercing end 112
such that it can pierce and travel through nasal tissue to a
desired implant location when a force is applied to the
needle. Needle 102a is hollow and attached via a luer fitting
130 to a luer mating part (not visible in this view) of body
111 of the assembly. Prior to being attached to the body 111,
a nasal implant was loaded into the proximal end of the
needle. A system for placing an implant in a nasal tissue may
further have a stylet (or other implant pusher member) for
positioning the implant. To move implant 104 into an
implant position in the needle (e.g., to the distal end of the
needle) the physician (or other user) moves the stylet control
lever 1144 from a proximal to a distal position, which moves
the stylet against the proximal end of the implant and pushes
the implant near the distal end of the needle. Compare the
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position of stylet control lever 114a in FIG. 7A with the
forward (distal) position of stylet control lever 1145 in FIG.
7B. The implant is placed at the base of the bevel (the shorter
side of the bevel portion) of the piercing end 112 (distal end)
of the needle. In other embodiments, the implant may be
placed partway along the bevel. Generally, the end of the
implant may be at the base of the bevel, or less than 1 mm,
less than 2 mm, less than 3 mm, or less than 6 mm from the
base of the bevel. The implant is now in a travel position in
needle 102a and implant 104 to travel through nasal tissue
to an implant position. Needle 102 also has a piercing end
112 on its distal end. Body 111 is held by a hand of a
physician or other user to guide needle 1024, which holds
implant 104, via the piercing end 112, through body tissue
to the desired implant location in nasal tissue. In some
embodiments, having an implant near the end of the needle
to at least partially block the needle opening reduces or
prevents tissue coring (in which tissue is cored or collected
inside the needle). Preventing or minimizing coring reduces
patient pain and recovery time. Placing the implant at the
base of the bevel without substantially protruding from the
needle opening permits the beveled distal tip to perform its
cutting function as the needle is advanced into tissue.

After moving needle 102a through nasal tissue to the
implant location, but before the implant is released from the
needle, the physician (or other user) moves the stylet control
lever 114a from a proximal to a distal position, which pushes
implant 104 slightly further to the distal end of the needle
(e.g. to the distal side of the bevel on the piercing end). This
movement may be between 0 mm and 10 mm, between 1
mm and 7 mm, or between 2 mm and 4 mm. This additional
movement places the implant close to or beyond the point to
which the distal end of the needle as inserted into nasal
tissue.

The system may also include a needle control mechanism
108a (e.g., a delivery conduit control mechanism) for con-
trolling movement of needle 1024. Needle control mecha-
nism 1064 retracts from a first position, shown in FIG. 7B,
to a second position, needle control mechanism 1065, shown
in FIG. 7C, so that it retracts needle 102a from a first
position shown in FIG. 7B, proximally away from implant
104, and into a second position in grippable housing 110,
shown by needle 1025 in FIG. 7C. When the needle retracts,
it leaves implant 104 in place in the nasal tissue in the
desired location. The needle control mechanism may include
a lever 108a configured for use by a physician or other user
to control needle movement. Lever 108¢ may be moved
from a first position (shown in FIG. 7B) to a second position
(see lever 1085 in FIG. 7C). A stylet (not visible in this view)
may extend distally between the grippable housing 110 and
may be at least partially disposed inside the hollow needle
102a or 1025. The stylet may connect with the proximal end
of the implant and may control implant movement relative
to the needle. In particular, the stylet may prevent the
implant from moving proximally while the needle is being
retracted. Instead, the stylet may keep the implant in the
desired location as the implant is unsheathed from the needle
(e.g., the needle is retracted away from the implant). In some
embodiments, such unsheathing means that the needle,
specifically the piercing tip of the needle, which is designed
to enter tissue and minimize tissue damage, is responsible
for all tissue penetration. An implant does not need to be
pushed or forced into position against nasal tissue. Tissue
damage, patient pain, and healing times may all be reduced.

Additionally, the control mechanism and the needle may
move relative to the housing; that is, the housing remains in
its position while the needle control mechanism and needle
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retract towards it or through it or partially through it. In
particular, the assembly is configured so that the housing and
the stylet—and the implant—can be held steady by the
physician or other user while the needle moves so that the
implant is placed in the desired location in the nasal tissue.

In some embodiments, the assembly may allow the phy-
sician or other user to readjust the needle after it is in place
in the tissue.

In some embodiments, an implant may be loaded in the
distal end of the needle. In some embodiments, a needle may
be pre-loaded with an implant, such as on its own or as part
of a kit, before use by a physician or other user. In some
embodiments, an implant may be loaded into a needle by a
physician or other user before performing a nasal implant
procedure, such as a non-invasive or minimally invasive
procedure. In some embodiments, an implant may be loaded
into a stylet channel through a side port (e.g. in the assembly
body).

In some embodiments a needle may (e.g., larger than 10
gauge, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24,25, 26, 27, 28, 29, 30, 31, or 32 gauge, or smaller than
32 gauge). An implant may be sized to fit (e.g., fit tightly
inside the needle). In some embodiments using a smaller
needle may product less tissue damage. In some embodi-
ments, a smaller needle may (better) fit into small areas of
the nasal tissue (e.g., between the skin/mucosa and cartilage
of the nose).

FIGS. 8A-C show another embodiment of a system for
placing an implant into a nasal tissue of a patient, related to
the embodiment of FIGS. 7A-C. FIG. 8A shows a configu-
ration of a nasal implant system 130 with an assembly 131
and a hollow delivery needle 102 (or other hollow delivery
conduit) for implanting an implant 104 into a nasal tissue.
FIG. 8A shows the implant being loaded into the needle.
FIGS. 8B and 8C show other configurations of the same
system during use for placing an implant in a nasal tissue.
FIG. 8B shows an implant loaded in a needle and the needle
advanced, just before needle retraction to place the implant
in position. FIG. 8C shows the needle retracted away from
the implant and the implant in position in the nasal tissue.
FIG. 8A shows loading an implant into the nasal implant
assembly and moving the distal end of the implant near the
distal end of the needle. FIG. 8B shows inserting the needle
into nasal tissue and advancing the implant distally to the
distal end of the needle. FIG. 8C shows retracting the needle
and placing (releasing) the implant into the tissue. The
detailed description of the implant loading, implant
advancement to the distal end of the needle, placement of the
needle and implant into nasal tissue, and retraction of the
needle to place the implant into the nasal tissue and in
contact with the nasal tissue is as described above for FIGS.
7A-C. Changes relative to FIGS. 7A-C include the shape
and orientation of stylet control lever 144a, 1445 and the
shape and orientation of needle control mechanism 1374, b.

FIGS. 9A-C a system for placing an implant into a nasal
tissue of a patient. FIGS. 9A-C show another embodiment of
a system for placing an implant into a nasal tissue of a
patient, related to the embodiment of FIGS. 7A-C and FIGS.
8A-C. FIG. 9A shows a configuration of a nasal implant
system 130 with an assembly 131 and a hollow delivery
needle 102 (or other hollow delivery conduit) for implanting
an implant 104 into a nasal tissue. FIG. 9A shows the
implant being loaded into the needle. FIGS. 9B and 9C show
other configurations of the same system during use for
placing an implant in a nasal tissue. FIG. 9B shows an
implant loaded in a needle and the needle advanced, just
before needle retraction to place the implant in position.
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FIG. 9C shows the needle retracted away from the implant
and the implant in position in the nasal tissue. FIG. 9A
shows loading an implant into the nasal implant assembly
and moving the distal end of the implant near the distal end
of'the needle. FIG. 9B shows the configuration of the system
while inserting the needle into nasal tissue and advancing
the implant distally to the distal end of the needle. FIG. 8C
shows the configuration of the system while retracting the
needle and placing (releasing) the implant into the tissue.
The detailed description of the implant loading, implant
advancement to the distal end of the needle, placement of the
needle and implant into nasal tissue, and retraction of the
needle to place the implant into the nasal tissue and in
contact with the nasal tissue is as described above for FIGS.
7A-C. Changes relative to FIGS. 7A-C include the shape
and orientation of stylet control lever 184a, 1845 and the
shape and orientation of needle control mechanism 1774, b.

As indicated above, at different times, implant 104 may be
moved inside assembly 101 or moved inside needle 102 or
may be held in place inside assembly 101 or inside needle
102. An end of implant 104 may be held by the stylet. Needle
102 may be further internally configured to hold implant 104
such as by tight fit with an implant. The tight fit may be “just
right”—a friction fit sufficiently tight to hold the implant
inside the needle, but loose enough to allow the force from
a stylet or other pusher to hold the implant in place during
needle retraction to place the implant into nasal tissue. In
such embodiments, a delivery needle can be retracted away
from an implant in order to place the implant into the nasal
tissue without the need for a mechanism to hold the implant
or a mechanism or cutting tool to release the implant from
the needle. A “just right” friction fit may also be helpful for
holding the implant in the needle, such as in a kit.

FIGS. 10A-J show various embodiments of implants. Any
of these implants may be used with any of the systems,
assemblies, and devices and with any of the methods
described herein or an implant may be used with other
system, assembly, or device described elsewhere.

Such implants may be useful for placing in a body tissue,
such as nasal tissue. One aspect of the invention provides a
generally longitudinal resilient implant comprising: a first
end, a second end and a length therebetween, the implant
comprising a surface feature along the length. In some
embodiments, an implant is configured to provide an
implant flexural rigidity between 2.5e-6, and 1.5e-5. In some
embodiments, an implant is configured to provide an
implant flexural rigidity between 2.5e-6, and 1.5e-5 after
being in contact with a body tissue for at least 3 months, for
at least 6 months, for at least 9 months, or for at least one
year. Some embodiments of an implant include one or a
plurality of surface features (such as, e.g., a fin, a notch, a
rib, or a scallop. Some embodiments of an implant comprise
a resorbable feature (such as, e.g. PLLA-PDLA in a ratio
from 90:10 to 50:50. Some embodiments include an implant
with a bend, with an angle greater than 0 degrees and less
than 45 degrees, less than 35 degrees, less than 25 degrees,
or less than 15 degrees. Some embodiments include an
implant less than 30 mm, less than 25 mm, less than 20 mm,
or less than 15 mm. Some embodiments include an implant
with a diameter (e.g. an outer diameter) configured to form
atight fit within a 16 gauge needle. Some embodiments have
an outer diameter less than 1.5 mm, less than 1.2 mm, less
than 1.0 mm or between 0.8 and 1.2 mm. In some embodi-
ments, an implant comprises a color that is not readily
visible through skin (e.g. skin-tone, tan, brown, etc.). In
some embodiments, an implant comprises a radiopaque
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material. An implant may preserve its shape; may be strong,
yet flexible; it may be similar to cartilage in such properties.

Another aspect of the invention includes a generally
longitudinal implant having a first end, a second end, and a
length there between, the first end comprising an end fea-
ture. In some embodiments, the second end comprises an
end feature. In some embodiments, the first end feature and
the second end features may comprise the same configura-
tion. In some embodiments the first end feature and the
second end features may comprise different configurations.
In some embodiments, an end feature is configured to mate
with a pusher tool. In some embodiments, an end feature
comprises an ellipse. In some embodiments, an end feature
comprises an expansion feature, such as tines or fins. An
expansion feature may be useful, when inserted into a nasal
tissue, for preventing the implant from moving, such as, for
example, from moving into the path or space left after a
removal of a needle that placed the implant in the tissue. An
expansion feature may be useful for anchoring the implant
to a bone or to cartilage. In some embodiments, an implant
with an elliptical distal end may allow seating of the implant
against a bone at any angle.

An end feature may be useful for fixing an implant
together with a tissue. One or more than one surface features
may be useful for fixing an implant together with a tissue.

Another aspect of the invention provides an adjustable
implant (e.g. adjustable for an individual patient). In some
embodiment, a shape of an implant is conformed in situ to
a shape of a nasal tissue. In some embodiments, a particular
length of an implant can be chosen based on an individual’s
nasal structure size(s).

FIG. 10A shows an implant comprising scallops such as
a series of circular segments or angular projections. Such
scallops, segments or projections may provide additional
surface area (e.g. for tissue interaction) to reduce or prevent
implant movement (such as backing out of the implant into
an incision or needle insertion site). Such scallops, segments
or projections may be used to provide an indication of length
and to provide stability during implant cutting.

FIG. 10B shows an implant comprising an elliptical first
end and an elliptical second end. An elliptical end may
provide greater surface area to rest against a tissue at any
angle.

FIG. 10C shows an implant comprising an elliptical first
end (semi-elliptical). An elliptical end may provide greater
surface area to rest against a tissue at any angle.

FIG. 10D shows an implant comprising a plurality of ribs
and a conical first end and a conical second end. An implant
may include one rib or more than one rib. Such ribs may
include alternating raised regions and depressed regions
(valleys) with smooth transitions between the a rib and a
depression (valley). A conical end may provide greater
surface area to rest against tissue at any angle when an
implant is in place in a tissue. A rib(s) along the shaft may
provide additional surface area for the tissues to adhere. A
valley of ribs may provide stability when cutting an implant.

FIG. 10E shows an implant comprising a plurality of fins
and a conical end (as described above). One or more than
one fin may provide additional surface area for tissue to
adhere to the implant. A valley of fins may provide stability
during implant cutting.

FIG. 10F shows an implant with a first semi-elliptical end
and a second end with a concave end feature. A concave end
feature may allow tissue to embed within the implant. A
concave end feature may mate with a corresponding (e.g.
elliptical) shape on an insertion tool (e.g. a stylet, a pusher).
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FIG. 10G shows an implant with a first semi elliptical end
and a plurality of notches (e.g. along one side or one region
of the implant). One or more than one notch may provide
leverage to reduce or prevent implant movement (such as
backing out of the implant into or through an incision or
needle insertion site). One or more than one notch may
provide stability during cutting and indication of implant
length (e.g. for implant cutting).

FIG. 10H shows an implant with a first semi-elliptical end
and a second end with an expansion feature(s). A concave
expansion feature may allow tissue to embed within the
implant. A concave end feature may mate with a correspond-
ing (e.g. elliptical) shape on an insertion tool (e.g. a stylet,
apusher). The flared geometry may be compressed within an
insertion tool (e.g. needle) and expanded or allowed to
expand after being placed in tissue. Such an expansion
feature may provide leverage to reduce or prevent implant
movement (such as backing out of the implant into or
through an incision or needle insertion site).

FIG. 101 shows an implant with a first semi-elliptically
shaped end and a second end with a plurality of tines. One
or more than tine on an implant end may be compressed
within the insertion tool (needle). Upon deployment into the
tissue, the tine or tines may expand and provide leverage for
the implant. Such an expansion feature may provide lever-
age to reduce or prevent implant movement (such as backing
out of the implant into or through an incision or needle
insertion site).

FIG. 10J shows an implant with a first conical end and a
second conical end and a plurality of modified fins along the
shaft. The modified fins show a (continuous) progression
from a shorter length to a longer length from a first region
(which may a first end region) to a second region (which
may be a second end region). Such modified fins may
provide additional surface area for the tissue to adhere. A
valley of fins may provide stability when cutting an implant
and may provide an indication of implant length (e.g., for
implant cutting).

A ribbed implant or an implant with a regular, repeating
pattern comprising a biodegradable material may provide a
controlled degradation pathway.

FIG. 10K-N show cross-sectional views of various
embodiments of an implant.

FIG. 11 and FIGS. 12A-C shows other systems for
placing an implant into a nasal tissue of a patient. Such
systems may include an assembly comprising a grippable
housing and a delivery conduit control mechanism, and a
needle (or other hollow implant delivery conduit) configured
to hold an implant and to place the implant in the nasal
tissue, the needle further having a piercing end to pierce
body tissue for moving the needle through the body tissue.

FIG. 11 shows another configuration of a nasal implant
system 500 with an assembly 501 and a hollow delivery
needle 102 (or other hollow delivery conduit) for implanting
an implant 104 into a nasal tissue. FIGS. 12A-C show a
similar nasal implant system 520 with a style control knob
variation that can be used to push an implant into a needle
(e.g. into a proximal end of a needle prior to attachment of
the needle to the assembly. Nasal implant system 500 or
nasal implant system 520 may include an unsheathing option
to thereby more precisely place an implant into a particular
nasal tissue. Taken together, FIG. 11 and FIG. 12A-C, show
the configuration of the system during steps in placing an
implant into a nasal tissue. FIG. 11 shows the nasal implant
system with delivery needle 102 ready to place for placing
an implant into a nasal tissue (not shown). Referring to
FIGS. 12A-B, implant 104 has a proximal end (closest to the
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physician or other user; not readily visible in this view) and
a distal end 168. Implant 104 had previously been loaded
into the proximal end of delivery needle 102 and the
proximal end of delivery needle 102 connected with grip-
pable housing 510. Implant 104 had been distally advanced
by being pushed through needle 102 with a stylet (e.g.
rotation of implant control knob 508 by a physician or other
user) to sit close to piercing end 112 of needle 102 under
control of implant control knob 508, and held close to
piercing end 112 of the needle. Delivery needle 102 with
implant 104 held near its piercing end 112 had then been
placed in body tissue (e.g. nasal tissue) and advanced
through body tissue (e.g. through nasal tissue or surrounding
tissue) to place piercing end 112 of needle 102 at a distal-
most end of the desired implant location. Once the piercing
end 112 of needle 102 was in place, implant 104 had been
further distally advanced to be placed at the very distal end
of needle 102 (e.g. at the distal end of the bevel). At this
point, the implant is ready to be placed into the nasal tissue
and the implant can be unsheathed from the needle. A user
grabs or holds the hand grip 512. The user places a first
finger on (the distal portion) of first trigger member 502 and
a second finger on (the distal portion) of second trigger
member 504. A user presses safety button 514 to allow
needle 102 movement. The user pulls on the first trigger
member and second trigger member to thereby withdraw the
needle into grippable housing 510 and to unsheath implant
104 in place in the tissue. Assembly 501 is then withdrawn
from the nasal tissue, leaving the implant in place.

FIGS. 13A-C show engineering views of one embodiment
of a device similar to that shown in FIG. 11 and FIGS.
12A-C. FIGS. 14 and 15 shows a side views and inner
workings of an embodiment of an assembly similar to the
assemblies shown in FIG. 11, FIGS. 12A-C, and FIGS.
13A-C. FIGS. FIGS. 14-21 show various embodiments of
grippable housings, hand grips, and triggers, including a
single trigger, a double trigger, a “pencil grip” embodiment
and a pistol grip embodiment. In some embodiments, a
double trigger and pistol grip are combined. In some
embodiments, the assembly/handgrip is configured to allow
a single person to perform various actions (e.g. inserting the
needle and implant into tissue, unlocking the needle safety,
unsheathing the implant/withdrawing the needle from the
tissue, and withdrawing the assembly from the nasal tissue.).
In some embodiments, the assembly/grip is configured to be
usable by either a right-handed or a left-handed person (e.g.,
without making any changes to the assembly/handgrip). In
some embodiments, the assembly is configured to place the
implant with no more than 10 N. In some embodiments, the
assembly is configured to retract with no more than 10 N.

Another aspect of the invention provides systems, assem-
blies, and implants and methods for shaping an implant in a
tissue in the body. Shaping an implant in vivo may allow the
shape of the implant to be custom fit (sized and shaped) to
the nasal anatomy to better address the condition that is
being corrected by the implant. Shaping an implant in vivo
(e.g. to a non-linear shape) may also reduce tissue damage
by, for example, allowing a smaller needle to be used for
implant insertion. Use of a custom shaped implant may
provide an advantage such as providing a larger reshaping
surface, providing an increased level of support to a tissue
in need of support, reducing the likelihood of extrusions
(e.g., the implant being pushed out of place), or reducing the
likelihood of the explant being externally visible. Although
a custom formed implant may provide an advantage, there
are a number of obstacles to generally providing an in vivo
custom formed implant. One obstacle is how to provide
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energy to an implant so that the implant becomes responsive
to being shaped. Another obstacle is how to minimize tissue
damage that might be due to a system or device used for
shaping or delivering energy. Another obstacle is how to
prevent nasal tissue from being damaged by an energy
provided for shaping an implant. Another obstacle is how to
remove any energy delivery elements or shaping devices
while preventing or minimizing damage to nasal tissue.
Another obstacle is how to reshape implant that is disposed
inside a nasal tissue when the implant is not readily acces-
sible to a physician or other individual. Another obstacle is
what to do if an implant is initially formed into an undesired
shape.

An implant may be heated by external heating/conduction
heating. After implant insertion, heat is applied through
conduction directly to the patient’s nose with a heater tool
either from inside the nostril, outside the nostril, or both
simultaneously. A heater tool may be used to apply force to
shape the implant. An implant may be heated by external
heating/alternate heating in which heat is applied directly to
the patient’s nose with a heater tool either from inside the
nostril, outside the nostril, or both simultancously. The
source of heat may be, for example, ultrasonic or micro-
wave. An implant may be heated with a pre-heated cannula
heater, as described below. After insertion the needle tip is
heated. This heats the implant and the local tissue to reduce
cooling of the implant. The needle is removed and the
implant is quickly shaped (freeform shaping). An implant
may be heated by internal heating/cannula heater as
described below. After insertion, the needle is retracted
exposing a heater at the end of a cannula. This heats the
implant at the end of cannula. The heater is pulled off the
implant as it is shaped. An integrated insertion tool and
heater tool may be used; shaping can occur simultaneously
with implantation. An implant may be heated with a flexible
heater/ribbon heater as described below. A flexible heater
element encapsulates the implant. Both components are
inserted together into the patient. After needle retraction, the
flexible heater is heated and the implant shaped. The flexible
heater is then removed. The heater may be a flexible ribbon
heater wrapped around the implant. Insulation material may
be present to protect internal tissue. The insertion tool and
heater may be integrated together. This may allow for a local
implant temperature well above a glass transition tempera-
ture, which may allow for simpler bending of the implant.
An implant may be heated using internal heating/flexible
heater/coiled wire as described below. The flexible heating
element may be located in the center of the implant. The
heater can be a resistive heater or a thermal conductor. Both
components may be inserted together into a patient. After
needle retraction, the flexible heater may be heated and the
implant shaped.

Any form of energy that allows an implant to be shaped
may be used (e.g. heat, microwave, ultrasonic). Any form of
energy delivery to the implant that allows or causes a change
in the implant may be used. For example, energy may be
delivered from outside the nose (such as, e.g., by conduc-
tion, or by ultrasonic waves or microwaves. Energy may
delivered from inside the nose, such as by a heater heating
an end of an implant, a heater heating a side of an implant,
a heating an inside of a nose. A system for shaping an
implant in a tissue in a body includes a grippable housing
comprising a delivery conduit control mechanism; a hollow
implant delivery conduit with a piercing end, the conduit
connected with and its movement controllable by the deliv-
ery conduit control mechanism, the conduit configured to
hold an implant, pierce a body tissue with the piercing end,
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and place the implant in the tissue; an energy delivery
element configured to deliver energy to the implant when the
implant and the energy delivery element are in place in the
tissue; an energy source for delivering energy to the energy
delivery element; and an energy source controller configured
to control the energy delivered to the energy delivery
element from the energy source.

FIG. 22 shows a portion of a system 188 for shaping an
implant in a tissue in a body and FIGS. 23A-C show steps
in shaping a nasal implant in a nasal tissue using such a
system. The system and method use a heating element
between the implant and stylet and carried into the nasal
tissue using a delivery needle. Similar to other needles and
implants described elsewhere in the disclosure, FIG. 22
shows implant 104 disposed in a needle 102, as they would
appear in position in a tissue, ready for unsheathing of the
implant by the needle to place the implant in place in the
tissue. Implant 104 comprises a heat responsive material
(e.g., an energy responsive material), such that implant 104
may become more flexible upon exposure to heat. FIG. 22
additionally shows a heater 190 (an energy delivery ele-
ment) between the stylet and the implant and configured to
provide heat to the implant. FIGS. 23A-N show steps in
inserting a heat responsive implant into a tissue, and chang-
ing a shape of the implant. FIGS. 23A-B show preparation
steps. FIG. 23A shows a physician examining the nose to
find the optimal position for the implant, and applying
anesthesia to the patient near the insertion site. The physi-
cian waits for the anesthesia to take effect and cleans the
surface of the insertion site with an antiseptic solution. FIG.
23B shows the implantation tool is made ready, removing it
from sterile packaging. FIGS. 23C-I show insertion steps.
FIG. 23C shows the needle tip of the implantation tool is
inserted into the nose of the patient by the physician. FIG.
23D shows the needle is carefully navigated through the
nasal tissue to ensure the path is in the correct position. The
depth of the needle is monitored via visual cues integrated
on the outside shaft. The depth is dictated by location of
implant to bone. The location of the implantation tool can
still be slightly altered up, down, right, and left. FIG. 23E
shows that once at the correct depth and location, the needle
is released and allowed to move relative to the stylet and
implant. FIG. 23F shows the needle is removed from around
the implant while the implant and stylet remained fixed.
FIG. 23G shows the implant remains inside of the nasal
tissue with the heating element interfacing with the implant.
FIG. 23H shows the heater is activated and allowed to reach
the correct temperature. FIG. 231 shows the heater warms
the implant to allow it to become softened at the locations
that need to be modified. FIGS. 23J-N show implant shap-
ing. FIG. 23] shows that once the implant is moldable, the
implant is shaped by applying pressure with the shaping
instrument. FIG. 23K shows that the heater is turned off and
the shape of the implant is set by allowing it to cool. FIG.
23L shows the shape of the implant is verified and additional
heating and shaping are applied if needed. FIG. 23M shows
that with the stylet still engaged, the heating element is
removed from around the implant. FIG. 23N shows the
stylet and the implantation tool are removed from the
patient. The custom shaped implant remains in the nasal
tissue. A method of shaping an implant in a tissue may
include the steps of placing an energy-response implant
having a first shape into a nasal tissue; inserting an energy
delivery element into an individual’s nose; delivering energy
from the energy delivering element to the implant to thereby
increase a flexibility of the implant; shaping the implant into
a second shape; and removing energy from the implant to
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thereby hold the implant in the second shape. Using such
system or method may allow an implant to conform to a
body tissue during shaping to provide a precise fit between
an implant and a body tissue.

FIGS. 24A-E shows another embodiment of a system 200
for shaping an implant using energy in a tissue in a body.
FIG. 24A shows implant 104(a) is disposed inside cannula
heating element 1984 which in turn is disposed inside needle
11964 for the needle to deliver the cannula heating element
and the implant to a desired implant tissue location for an
implant in a nasal tissue. After delivering the implant 104(a),
cannula 198a, and needle 19654 to the desired location,
needle 196a is retracted, as shown in FIG. 24C, unsheathing
and leaving cannula 1984 and implant 104a surrounded by
cannula 198¢ in the desired implant tissue location. After
heating the implant but protecting nasal tissue from excess
heat with insulation 202, cannula 1985 may be retracted,
unsheathing and leaving heated (flexible) implant 104(a) in
the desired tissue location. Implant 1045 may be quickly
shaped such as creating implant bend 206. Any external
pressure (e.g., a tool pressed against an outside of the nose,
or an internal pressure (e.g., a tool pressed against an inside
of a nose) may be used to custom shape the implant to the
nasal tissue.

In other embodiments, the needle may remain in position
around the cannula during the heating steps. In other
embodiments, the needle and cannula may comprise a single
unit.

Steps in the method of using such a heating element may
include: placing a hollow delivery conduit encompassing an
implant in the nasal tissue, the implant having a first shape;
heating a portion of the delivery conduit to thereby heat the
implant; after the heating step, shaping the implant into a
second shape; and retracting the conduit from the nasal
tissue and from the implant to thereby place the implant in
contact with the nasal tissue. In some embodiments, the
delivery conduit comprises an internal portion (cannula)
comprising insulation, and the method further comprising
insulating the nasal tissue from the

FIGS. 25 A-C show another embodiment of a system 196
for shaping an implant using energy in a tissue in a body. The
system is a central axis heater, configured to deliver energy
to an implant from an inside (center) of the implant. Energy
responsive implant 198 has a hollow inside for accepting a
heating element 204, which may be, for example, a rod or
wire (e.g., a resistive wire, a thermally conductive rod). A
resistive wire may allow an implant to be uniformly heated
across its length. FIG. 25A shows a system 196 during
insertion into a nasal tissue with needle 102a encompassing
implant 198a which in turn encompasses heating element
204. (The system maintains the same configuration it had
just prior to being inserted into the nasal tissue). As shown
in FIG. 25B and as described elsewhere, after insertion into
a desired location in a tissue, needle 1025 is retracted,
unsheathing implant 198a. The heater is activated until the
implant is above Tg. Once above Tg, the implant is freely
shaped. When the desired shape is achieved, the heater is
deactivated, allow the implant to cool below Tg (which may
be less than, for example, 20 seconds). The heater element
inside the heater element is retracted while the back of the
implant is held in place, as shown in FIG. 25C. The device
is then retracted off the implant.

FIGS. 26A-D show another embodiment of a system 224
for shaping an implant using energy in a tissue in a body, an
integrated implanting and heating system with a central axis
heater. The system integrates implanting manipulation func-
tions including needle retraction and heating functions
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including heating control and heater retraction into a single
housing. The system may be used with any implant or heat
system, but may be especially useful with an implant system
with a central axis heater for heating an implant, such as the
one described in FIGS. 25A-C. FIG. 26A shows a perspec-
tive view and FIG. 26B shows a cross-section view of the
system during implant delivery and before heating. FIG.
26C shows a section view of the system after retracting the
needle, but before heating and shaping are completed.

System 224 has a grippable housing 226. System 224
includes a heater on/off switch 236 for controlling the heat
to the heater, a battery 234 (e.g., energy source) for provid-
ing heat to the heater, and an LED indicator light 238 to
indicate when shaping can occur. System 224 further
includes a needle retraction button 228 which controls a
slider retraction mechanism 232 for connecting with and
retracting the needle away from the implant (desheathing)
after the implant has been placed in position in the tissue.
System 224 further includes a heater retraction knob 230
connected with a pulley mechanism for retracting the heater.
FIGS. 26A and 26B show the steps of inserting needle 102
to a desired location in a nasal tissue; and unlocking needle
retraction button 228a. FIG. 26C shows sliding needle
retraction button 2285 to end of travel to retract the needle
and unsheath the implant. FIG. 26C also illustrates the steps
of turning on heater on/off button 236, waiting for LED
indicator light 238 to turn on, indicating an implant is ready
to be shaped from a first shape to a second shape by
activating LED indicator light 238, shaping implant into a
second shape (not readily seen in this view). FIG. 26D
illustrates indicating that an implant is sufficiently cooled
(e.g. for an implant to hold its second shape), turning the
heater retraction knob 230 to activate pulley retraction
mechanism 240 and retracting heater 204a out of implant
104. Finally, the assembly is removed from the nasal tissue.

FIGS. 27A-G and FIG. 28 show another embodiment of
a system 242 for shaping an implant using energy in a tissue
in a body. The system separates implanting manipulation
functions including needle retraction in a first housing,
heating functions including heating control and heater
retraction into a second housing and battery and heat control
into a third housing. The system may be used with any
implant or heat system, but may be especially useful with an
implant system with a central axis heater for heating an
implant, such as the one described in FIGS. 25A-C. FIG.
27A shows a perspective view and FIGS. 27B-C show
cross-sectional views of the needle control housing during
use. FIG. 27D-G show views of the heating and retraction
device during use. FIG. 28 shows a view of the battery and
heat control housing.

System 242 has a first grippable housing 244 for control-
ling a needle. System 242 includes a first grippable housing
244 including a needle retraction button 228 which controls
a slider retraction mechanism 232 for connecting with and
retracting the needle away from the implant (desheathing)
after the implant has been placed in position in the tissue.
System 242 includes a second grippable housing 246 includ-
ing a heating and retracting device. System 242 includes
third housing 248 with a heater, a heater on/off switch 236
for controlling the heat to the energy delivery element, a
battery 234 for providing heat to the heater, and an LED
indicator light 238 to indicate when shaping can occur and
when the implant has cooled sufficiently to hold its shape.

FIGS. 27A and B show steps of inserting needle 102 into
nasal tissue and unlocking needle retraction button 228. FI1G.
27C shows the steps of sliding needle retraction button 228
to the end of travel and locking the needle retraction button.
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FIGS. 27 C and D show removing the implanting device
from the heater and implant by twisting away and leaving
energy responsive implant 198 attached to frame 250,
including electrical contact 252 and threaded rod 254 for
heater retraction. FIGS. 27E and F show attaching heating
and retraction device 2464 to implant and heater 254. FIG.
27G shows a section view of an implant, heater, and
retraction device with the heater retracted. It includes a
one-direction, torque limiting threaded nut 241 and threaded
rod 243 connected to the heater. FIG. 28 shows the third
housing with battery pack and heater controller 248 which
can be attached by electrical wires 239 to heating and
retraction device 246. The third housing with battery pack
and heater controller 248 is turned on using heater on/off
button 236. Once LED indicator light 238 turns on, implant
198 is shaped (such as described elsewhere). After LED
indicator light 238 turns off; a heater retraction knob on the
second grippable housing-implant, heating and retraction
device 246 is turned to moved threaded rod 254 (shown in
FIG. 27D) and retract heater out of the implant, as shown in
FIG. 27F.

Any of the above described systems, assemblies, or
methods may employ an energy responsive implant. An
energy source may raise the temperature of the implant
above its glass transition temperature (Tg) so that it can be
shaped. When a material is above its Tg, it can be freely
shaped. When the material temperature falls below the Tg,
a material will hold its shape.

Any of the any of the above described systems, assem-
blies, or methods may use a heater tool to apply force to
shape an implant. After shaping, the heating tool may be
removed.

FIGS. 29-31 show an assembly 212 including a housing
support member 216 connected with grippable housing 214,
with distal end 220 of support member configured to abut a
patient’s face during support member use. Such a housing
support member may help hold assembly 212 in place (e.g.
with minimal or essentially no movement) on the patient’s
face during assembly use, such as while retracting the needle
away from the implant; this keeps the implant in a desired
implant location during needle retraction. In some embodi-
ments, a housing support member may be an extension from
the distal face of the assembly. In some embodiments a
housing support member may be slidable from the body of
the delivery tool. In some embodiments, a housing support
member may be spring loaded (e.g., comprising a rigid
spring). In some embodiments, steps in using a housing
support member may include moving the housing support
member to contact a face of a patient, and locking the
housing support member in place. In some embodiments,
steps in using a housing support member may include
moving the housing support member to contact a face of a
patient, and sliding the housing support member proximally
while inserting the needle in the nasal tissue. In some
embodiments, wherein the grippable housing is connected
with a housing support member, a method of implanting an
implant into a nasal tissue of a patient may include the step
of contacting the housing support member with a face of a
patient to thereby hold the housing in place on the face of the
patient during the retracting the delivery conduit from the
implant step. In order to place the implant (not visible in
these figures) in the tissue, a physician or other user may pull
on trigger 222 to retract needle 102 (e.g., retract needle 222
proximally) out of the tissue. The needle may be retracted
relative to housing 214 and relative to housing support
member 216. Housing 214 and housing support member 216
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may remain stationary (e.g., not move relative to one
another) during the needle retraction step.

An assembly for placing an implant in a nasal tissue, such
as described herein, may further comprise a support member
connected with the housing, the support member configured
to abut a portion of a face of a patient when an assembly is
in use on the patient.

FIGS. 32A-D show a nasal implant system 3200 accord-
ing to yet another embodiment of this invention. The system
has a grippable housing 3204 supporting an implant holder
3206. An implant 3202 such as, e.g., one of the implants
described with respect to FIGS. 10A-N above, is loaded into
the implant holder 3206, and a needle 3208 (such as, e.g., a
16 g beveled hypodermic needle) is attached to the housing
over the implant via internal threads on needle actuator
3220.

A piston 3210 is slidably disposed within a bore 3212 of
housing 3204, and a handle 3214 extends from piston 3210
to the underside of housing 3204. A pusher 3216 extends
from piston 3210 into implant holder 3206. Movement of
handle 3214 toward a stationary handle 3218 advances the
pusher 3216 through the implant holder 3206 to push the
implant 3202 distally into needle 3208. When the two
handles meet, the distal end of implant 3202 is at the beveled
opening of needle 3208, as shown in FIG. 32D. In use, after
the needle has been inserted into the desired location in the
patient’s nose, the needle 3208 may be retracted from the
implant 3202 by moving the needle actuator 3220 proxi-
mally to the position shown in FIG. 32B. The pusher holds
the implant in position while the needle is retracted. In some
embodiments, handle 3214 may be moved further distally
after insertion of the needle into nasal tissue but before
retraction of the needle to push the implant further distally,
e.g., to the distal end of the needle’s beveled opening. An
opening 3222 in the distal portion of the housing enables the
user to observe and confirm needle retraction.

FIGS. 33A-C show a nasal implant system 3300 accord-
ing to another embodiment of this invention. The system has
a housing 3304 supporting an implant holder (not shown).
An implant 3302 such as, e.g., one of the implants described
with respect to FIGS. 10A-N above, is loaded into the
implant holder, and a needle 3308 (such as, e.g., a 16 g
beveled hypodermic needle) is attached to the housing over
the implant via internal threads on needle actuator 3320.

As shown in FIGS. 33A and 33B, an implant actuator
3310 extends proximally from the housing. A pusher 3316
extends distally from the implant actuator 3310 through the
housing to the implant holder. Distal movement of the
implant actuator 3310 toward the housing moves the pusher
toward the implant and the implant out of the implant holder
and into the needle to place the distal end of the implant at
the beveled opening of the needle. Thereafter, proximal
movement of the needle actuator 3320 retracts the needle
from the implant while the pusher holds the implant station-
ary, as shown in FIG. 33C. In some embodiments, a rotary
dial 3314 may be turned after insertion of the needle into
nasal tissue but before retraction of the needle to push the
implant further distally, e.g., to the distal end of the needle’s
beveled opening. A ring grip 3318 extending from the
housing assists in holding the housing stably.

FIGS. 34A-C show a nasal implant system 3400 accord-
ing to yet another embodiment of the invention. The system
has a housing 3404 supporting an implant holder (not
shown). An implant 3402 such as, e.g., one of the implants
described with respect to FIGS. 10A-N above, is loaded into
the implant holder, and a needle 3408 (such as, e.g.,a 16 g
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beveled hypodermic needle) is attached to the housing over
the implant via internal threads on needle actuator 3420.

As shown in FIGS. 34A and 34B, an implant actuator
3410 extends proximally from the housing. The implant
actuator may have, e.g., a ring or cap at is distal end as
shown in FIGS. 34A and 34B, respectively. A pusher 3416
extends distally from the implant actuator 3410 through the
housing to the implant holder. Distal movement of the
implant actuator 3410 toward the housing moves the pusher
toward the implant and the implant out of the implant holder
and into the needle to place the distal end of the implant at
the beveled opening of the needle, as shown in FIG. 34C.
Thereafter, proximal movement of the needle actuator 3420
retracts the needle from the implant while the pusher holds
the implant stationary, as shown in FIG. 34C. In some
embodiments, the implant actuator may be moved further
distally after insertion of the needle into nasal tissue but
before retraction of the needle to push the implant further
distally, e.g., to the distal end of the needle’s beveled
opening. Handles 3414 and 3418 extend from the housing to
assist in holding the housing stably.

FIGS. 35A-C show a nasal implant system 3500 accord-
ing to still another embodiment of the invention. The system
has a housing 3504 supporting an implant holder (not
shown). An implant 3502 such as, e.g., one of the implants
described with respect to FIGS. 10A-N above, is loaded into
the implant holder, and a needle 3508 (such as, e.g.,a 16 g
beveled hypodermic needle) is attached to the housing over
the implant via internal threads on needle actuator 3520.

As shown in FIGS. 35A and 35B, an implant actuator
3510 extends proximally from the housing. A pusher 3516
extends distally from the implant actuator 3510 through the
housing to the implant holder. Sliding movement of the
implant actuator 3510 within a track in the housing to the
position shown in FIG. 35C moves the pusher into and the
implant out of the implant holder and into the needle to place
the distal end of the implant at the beveled opening of the
needle. Thereafter, proximal movement of the needle actua-
tor 3520 retracts the needle from the implant while the
pusher holds the implant stationary, as shown in FIG. 35C.
In some embodiments, the implant actuator may be moved
further within the track in the housing after insertion of the
needle into nasal tissue but before retraction of the needle to
push the implant further distally, e.g., to the distal end of the
needle’s beveled opening. A ring or handle 3518 extends
from the housing to assist in holding the housing stably.

FIGS. 36 A-F show a nasal implant system 3600 accord-
ing to another embodiment of the invention. The system has
a housing 3604 supporting an implant holder (not shown)
and a pistol grip 3613 having a proximal pistol grip skin
3613 and a distal trigger skin 3623. An implant 3602 is
loaded into the implant holder, and a needle 3608 (such as,
e.g., a 16 g beveled hypodermic needle) is attached to the
housing over the implant via internal threads on needle
actuator 3620, such as via luer 3621. The implant 3602 may
be formed from a bio-absorbable material that may include
various combinations of PLA, PDLA, PDS, PLC, PGA,
PLG or similar. As shown in FIG. 36B, implant 3602 is
substantially round in cross section and approximately 25
mm in length. There are convex or concave ring features on
the proximal end of the rod (spaced, e.g., every 1 mm, 2.5
mm, or 5 mm from the end) to show the user positions to cut
the rod to achieve a specific length. The implant has barbed
or tined features 3631 at the distal end. These features may
be made by cutting into the implant with a blade at a 30-45
degree angle, then bending the outer portion of the implant
material to its plastic deformation point. These barbs would
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be flexible enough to collapse inward (i.e., into the original
position prior to barb formation) when introduced into
needle 3608 and resilient enough to expand when the
implant is released from the needle into nasal tissue. The
barbs will engage the surrounding nasal tissue to prevent
migration of the implant back out through its implantation
path so that it maintains its therapeutic position, e.g., over-
laying the maxillary interface. Implant 3602 also has proxi-
mal length markers 3627 and a proximal cup face 3625.

A plunger-shaped implant actuator 3610 extends proxi-
mally from the housing. A pusher 3616 extends distally from
the implant actuator 3610 through the housing to the implant
holder (through the proximal handle core 3611). The distal
face of the pusher 3616 is concave to mate with the rounded
proximal end of the implant to, e.g., center the implant on
the pusher. Distal movement of the implant actuator 3610
(such as with plunger head 3609) toward within the housing
from the position shown in FIG. 36A to the position shown
in FIG. 36E moves the implant out of the implant holder and
into the needle to place the distal end of the implant at the
beveled opening of the needle. Thereafter, proximal move-
ment of the needle actuator 3620 retracts the needle from the
implant while the pusher holds the implant stationary, as
shown in FIG. 36F. A handle 3618 extends from the housing
to assist in holding the housing stably.

A window 3605 in housing 3604 permits the barbs to
remain extended until the implant is loaded into the needle.
This feature enables the implant to remain in the system for
an extended period of time (e.g., during packaging, steril-
ization, transportation and inventory storage) without an
adverse effect on the position and resilience of the barbs due
to polymer creep.

FIGS. 37A-C show a nasal implant system 3700 accord-
ing to yet another embodiment of the invention. System
includes a substantially cylindrical main body 3704, a slid-
able ring trigger 3710, a rod-like piercing element 3708
extending through a tool shaft 3709, and a hollow implant
3702. This nasal implant delivery tool is configured to
deliver the hollow rod implant 3702 to the nasal anatomy in
a similar manner to the systems discussed above. In this
embodiment, however, the piercing element 3708 extends
through the hollow implant 3702 and retains the implant
with a friction fit. The proximal end of the implant rests
against the distal surface of the tool shaft. Once the implant
and supporting piercing element are inserted into the nasal
anatomy and positioned, e.g., against the maxilla, the entire
tool (or, alternatively, the inner piercing element alone) may
be retracted to deposit the implant at its target location. The
implant 3702 may have barbs, as discussed above that
interact with nasal tissue to maintain the implant in position
as the delivery tool is retracted. In use, the tool and implant
are inserted into nasal tissue in the configuration shown in
FIG. 37A. Once in the desired location, the trigger ring 3710
is retracted, as shown in FIG. 37B, thereby releasing the
implant 3702. The tool shaft and piercing element are
thereafter withdrawn from the implant and the nasal tissue,
as shown in FIG. 37C.

The nasal implants of this invention may be formed in
larger bodies made up of a plurality of individual implants.
For example, as shown in FIG. 38, a sheet 3800 is made up
of multiple implants 3802 connected by offset bridges 3804.
An implant 3802 may be separated from the sheet 3800 by
severing the bridges connecting it to the adjacent implant
3802. The implant material may be PLA, PDLA, PDS, PLC,
PGA, PLG or similar bio-absorbable material.

FIGS. 39A-D show a delivery tool 3900 with a feature
enabling it to separate individual implants from a sheet of
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implants, such as the sheet 3800 shown in FIG. 38. Delivery
tool 3900 has a two part body, a proximal main body 3904
and a distal trigger body 3906. A opening or window 3908
in trigger body is size to accept a sheet 3910 formed of
multiple implants 3912 so that the first implant segment
lines up with the inner bore of introducer needle 3914, as
shown in FIGS. 39B and 39C. A cutting element 3916 has
a sharp edge extending towards the implant sheet and lining
up with the bridges holding the first implant on the sheet to
the rest of the sheet, as shown in FIG. 39C. Distal movement
of a push rod plunger or actuator 3928 moves a push rod
3930 distally so that sheet 3910 moves toward cutting
element 3916. As it advances, the cutting element shears the
bridges holding the first implant to the rest of the sheet, and
the implant is advanced into the bore of needle 3914, as
shown in FIG. 39D. The push rod 3930 continues to advance
the single implant 3912 to the distal end of needle 3914, as
discussed in connection with other embodiments above.

FIGS. 40A-C show portions of another embodiment of a
delivery tool with features enabling a single implant to be
cut from a sheet of implants. The tool may be formed similar
to tool 3900 described above with a distal trigger housing
4009. Instead of a stationary cutting tool extending toward
the sheet of implants, the pusher 4000 in the embodiment of
FIG. 40 has a sharp distal edge 4002. A sheet 4002 of
individual implants 4004 connected by bridges is advanced
into the delivery tool through a window 4006 in the tool
body so that the first implant lines up with the bore of
introducer needle 4008 (with needle inner bore 4009). Distal
movement of the pusher 4000 and sharp distal edge 4002
causes the first implant to shear from the sheet and move into
the bore of needle 4008, as shown in FIG. 40C.

In yet another alternative embodiment shown in FIGS.
41A-D with distal trigger housing 4111, the cutting may be
annular so that it both shears the single implant from the
sheath and shaves the outer surface of the single implant to
ensure that it fits cleanly within the bore of the needle. The
cutting tool 4102 and the pusher 4104 may be separate
elements, with the annular cutting tool 4102 (such as a
hypotube) being advanced over the pusher 4104 to perform
the shearing and shaving operations to remove implant 4108
from sheet 4012, and the pusher moving distally to advance
the implant 4106 into the needle 4110. The cutting tool has
an implant side window 4106.

In still another embodiment, illustrated in FIG. 42, the
diameter of the cutting tool 4202 can be adjusted by, e.g.,
depressing a button 4204 on the tool body to apply a force
to a cutting tool 4202 formed as a split cylinder. This feature
enables the use of smaller implants introduced through
smaller needles. Cutting tool 4202 has main tool body 4210.
A sheet of implants 4208 is fed into the tool. Cutting tool
4202 also includes delivery needle 4206.

FIGS. 43 A-E illustrates a spring-loaded implant clip. In
this embodiment, as in the embodiments above, a column of
implants 4302 is loaded into the delivery tool through a
window 4304. The sheet 4300 is loaded into a storage clip
4306. One or more springs 4308 and a lift platform 4309 on
one side of storage clip 4306 pushes the sheet 4300 inward
so that the innermost implant 4310 in the clip lines up with
the bore of the introducer needle 4312. A pusher 4314 (with
outer surface 4324) advances implant 4310 into needle
4312, as described above. The delivery tool body 4322 can
be hand-held and controlled by trigger 4320.

Alternatively, a sheet of implants 4311, such as that
described above with respect to FIGS. 38-42, can be loaded
into the clip 4306. In this case, a shearing element, such as
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those discussed with respect to FIGS. 39-42, can be added
to the assembly. The delivery tool body includes a handle
distal core 4326.

FIGS. 44A-F illustrates yet another way of loading mul-
tiple implants into a delivery tool. Delivery tool 4400 has a
revolvable cylindrical housing 4402 having multiple implant
chambers in which single implants 4414 are disposed.
Housing 4402 is rotated to a position (possibly indicated
with detents) in which an implant chamber lines up with the
pusher 4406 and bore of needle 4408. The pusher 4406 then
advances the implant 4404 into the needle as described
above. The delivery tool may be hand-held by the main tool
body 4410. Needle 4408 may be controlled by trigger 4412.

FIGS. 45A-D illustrates still another embodiment in
which multiple implants may be loaded into the delivery tool
and delivered separately. In this embodiment, multiple
implants 4502 are connected end to end and loaded into the
delivery tool parallel to the pusher 4504. A cutting button
4506 in line with the distal-most implant segment in the line
of implants can be depressed inwardly to cut one implant
segment from the line and advance it into the delivery tool
chamber in line with the pusher and the bore of the needle
4508. FIG. 46A is an end view and FIG. 46B is a perspective
view of a sheet 4600 of nasal implants 4602 connected by
bridges 4604. Through holes 4606 are dimensioned to
replicate Lactosorb® sheets (~2 mm) to allow suturing.
Slots 4608 provide cut guides for separating individual
implants.

FIG. 47A is an end view and FIG. 47B is a perspective
view of a sheet 4700 of nasal implants 4702 connected by
bridges 4704. Through holes 4706 are dimensioned to
replicate Lactosorb® sheets (~2 mm) to allow suturing. The
bridge sections are designed to break without the need to cut
with a scalpel.

FIGS. 48A and 48B show a sheet 4800 of individual nasal
implants 4802 connected by bridges 4804. The openings
4806 in the sheet are larger than in the embodiments of
FIGS. 46 and 47 to allow for a needle and suture to pass
through.

FIG. 49A is a partial end view and FIG. 49B is a
perspective view of a sheet 4900 of nasal implants 4902
separated by a large sheet section 4904 having holes 4906
formed therein.

FIG. 50A is a partial end view and FIG. 50B is a
perspective view of a sheet 5000 of nasal implants 5002
aligned in pairs. Holes 5006 are formed in bridge sections
5004 between pairs of implants.

FIG. 51A is a partial end view and FIG. 51B is a
perspective view of a sheet 5100 of nasal implants 5102
having rounded ends 5103. The implants are connected by
bridges 5104 having openings 5106 between them. Cutting
guide slots 5108 may be formed in the bridges.

FIGS. 52A-H show details of a sheet 5200 of nasal
implants 5202 connected by bridges 5204.

EXAMPLES
Example 1

Material samples testing Table 1 shows material property
test results of candidate implants made into various shapes
and sizes with the indicated inner diameter (ID) and outer
diameter OD) from the indicated materials. The modulus of
elasticity (E), cross-sectional inertia of the sample (I), and
flexural rigidity (E-I) which represents the strength of the
sample when bending, are indicated. The PLLA and PLLA-
PGA samples were flexurally stronger than the other
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samples, presumably due to the strength of the PLLLA and the
rod shape of the PLLA-PGA sample. The PLLA-PDLA
sample was weak in bending, presumably due to its thin-
wall, tube shape. The PLLA-PCL sample was very flexible,
presumably because it was in a glassy stage as its glass
transition temperature is below room temperature; overall it
did not behave like a typical solid material.

Example 2

Table 2 Shows Moldability with Temperature and
Brittleness

Testing performed on the material samples. Samples were
cut to 15 mm length. Samples were tested at room tempera-
ture and heated to several temperatures in an oven and left
to sit to ensure the materials were a consistent temperature
throughout the sample. Each sample was tested by removing
it from the oven and immediately bending it by hand to 90
degrees (if possible). Observations of how much force was
required, whether the material held the shape, cool off time,
and material brittleness were recorded and summarized.

Example 3

An implantable sheet was cut and tested for fitting into a
16 gauge syringe. Samples fit through. When a scalpel is
place accurately through the bridge trough, the sheet could
be cut relatively easily. FIG. 53 A and FIG. 53B show results
from cutting an implantable sheet.

Example 4
Implant-Dimension Protocol
Results Test Methodology
20.09 mm Measured using Micro-Vu Vision
System
24.73 mm Measured using Micro-Vu Vision
System
0.00 mm Measured height of the implant on
0 degrees both ends
Average width (mm): 1.92 Measured and average 4 void from
Average length (mm): 2.38 the sheets

Rod average length (mm): 1.26
Bridge average length (mm): 2.93
Rod groove width (mm): 0.45
Bridge average width (mm): 1.93

Measured and averaged four bridge
lengths using Micro-Vu vision system
Measured and averaged four bridge
widths using Micro-Vu vision system

Example 5
Implant Flexural Rigidity Protocol

Two implant rods were soaked in water heated to 37
degrees C. for 1 hour. They were then flexed from 180
degrees to 7 mm. The samples had a flexural rigidity of 114
N-mm? and 105 N-mm?. Results are shown in FIG. 54A-C.

Example 6

Implant Migration Protocol

Implant is inserted into tissue sample using cannula.

Implant is placed into test fixture and run for 1000 cycles.
Implant location compared before and after. Result was less
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than 0.5 mm vertical and horizontal travel for all tests. the
implant migration after manually flexing tissue for 5 min-
utes. FIGS. 55A-B show results from a 1000 cycle test using
a test fixture. In another case, implant migration was tested
after manually flexing tissue for 5 minutes. None to minor
migration was observed. Results are shown in FIGS. 56 A-B.

Various regions of airway tissue can impact airflow to the
lungs. One major impact on airflow is from airflow resis-
tance from the nose. The highest resistance structures in the
nose may be the narrowest regions, such as the external
nasal valve 5302 and the internal nasal valve 5300, shown
in FIGS. 59A-B. During normal inspiration, nasal valve
cartilage around these valves prevents or reduces valve
collapse and helps maintains airway patency. Incompetent
internal valves and/or external valves can collapse and
obstruct airflow during inhalation, as shown in FIGS. 60A-
B. FIG. 60A shows a valve at rest and FIG. 60B shows valve
collapse upon inhalation. Problems with the nasal septum,
nasal turbinates, lateral cartilage, or other structures due to,
for example, aging, poorly formed or weak cartilage, surgery
(e.g., rhinoplasty, septoplasty) and/or trauma can lead to
nasal valve problems and impact airflow such as difficult
breathing, snoring, sleep apnea and reduction in quality of
life. Provided herein are less-invasive surgical treatments for
nasal valve collapse. Such treatments may be effective,
minimally invasive, outpatient treatments and may result in
reduced pain and a rapid recovery, and may be a lasting
solution.

Surgical treatments (e.g., submucosal resection of turbi-
nates, septoplasty) have been used in the past to reduce the
size of the turbinates or correct deviated septum or to repair
the nasal wall in order to improve the nasal valves and
airflow. These surgical treatments are invasive, uncomfort-
able and require significant time to recuperate. Furthermore,
they do not readily address problems with the lateral carti-
lage wall. The lateral cartilage wall has been repaired, for
example, by cartilaginous graft techniques using additional
material (cartilage) from the nose or ear. In addition to the
above mentioned limitations, these techniques are expensive
(e.g. thousands of dollars), highly invasive, require a high
level of surgical experience, have long, painful recovery
times (e.g. 3 weeks of downtime), do not always work well
and require a second surgical invasion site (into the nasal
area or ear to obtain cartilage). Invasive nasal surgery is
complicated by the ongoing need to use the surgical site for
breathing. Thus, invasive surgical approaches are far from
ideal. Non-surgical approaches for nasal valve collapse
include strips or stent-like materials (e.g., “BreathRight”,
Breathe with EEZ, Nozovent”) that are placed on or around
the nose. These temporary, suboptimal approaches suffer
from limited efficacy and poor cosmesis.

Provided herein are implants, assemblies, systems, and
methods for improving and repairing a nasal valve. Such
valve repair materials and methods may be used in mini-
mally invasive procedures, outpatient procedures and may
result in minimal pain and rapid recovery, especially com-
pared with previous surgical interventions.

Another aspect of the invention provides a delivery sys-
tem such as shown in FIGS. 61A-D including a delivery
assembly with a delivery tool (FIG. 61A) and one or
multiple nasal implants (FIGS. 61C-D).

In some embodiments, an implant may comprise an
absorbable, biocompatible polymer or copolymer such as
known in the art (e.g. poly-L-lactic acid (PLLA), poly(D-
lactic acid (PDLA) etc.). In a particular embodiment, a
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copolymer may include both PLA and PDLA, such as in a
70:30 PLLA/PDLA ratio. An implant may have favorable
stress/strain mechanics.

An implant may be sized by a physician. An implant may
comprise a polymer configured to absorb quickly or more
slowly when in position in a nasal tissue. An implant may be
configured to remain substantially intact for at least 3
months, at least 6 months, at least 9 months, or at least 12
months. An implant may be configured to be substantially
completely resorbed in 18 months.

An implant may be chosen to have tough but favorable
stress/strain mechanics. An implant may have a strength
similar to a cartilage strength. An implant may be shapeable
without fracturing. An implant may a flexure similar to a
flexure of cartilage. An implant may be configured to have
a flexural rigidity stronger than cartilage when in place in a
nasal tissue for longer than 6 months.

An implant may be any size that provides a therapeutic or
cosmetic benefit and/or facilitates implantation or bioab-
sorption. An implant may be sized to fit into a needle, such
as an off-the-shelf needle (e.g. larger than 10 gauge, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, 30, 31, or 32 gauge, or smaller than 32 gauge). An
implant may be held in a needle by any means, such as a
tight (friction fit), a tab, a mating mechanism, etc. An
implant may have features (e.g. ridges, bumps, etc.) and may
contact an internal surface of a needle when in place in a
delivery assembly.

An implant may be any shape that provides a therapeutic
or cosmetic benefit and/or facilitates implantation or bioab-
sorption. An implant may have one or more substantially flat
side(s) and ribs that allow for a maximized rod diameter and
rib height without excessive friction when in place in a
needle. A ribbed configuration may eliminate implant migra-
tion.

Another aspect of the invention provides a plurality of
interconnected implants such as shown in FIGS. 62A-D.
FIGS. 62A-B show rod implants and FIG. 62C shows a
detail view of the section “A” indicated in FIG. 62B. Two or
more than two implants may be formed as a long structure.
Two or more than two implants may be molded together,
such as injection molded in a perforated sheet. Implants may
be separated, such as with a cutting instrument. An implant,
such as those shown in FIGS. 62A-D may have an anti-
migration feature. For example, an implant with an anti-
migration feature may have an increase (e.g., 5x) in acute
longitudinal stability relative to a smooth implant. An
implant with an anti-migration feature may be easier to
injection mold. Such an implant may have predictable
degradation. An implant may represent nasal cartilage
mechanics. An implant may have a flexural rigidity value
stronger than cartilage for a time period (e.g., 6 months)
after being implanted. An implant may be shapeable without
fracturing. An implant may have an average acute flexibility
similar to reconstruction plate products. An implant may
have flat sides to allow for maximized rod diameter and rib
height without excessive friction in needle bore.

Another aspect of the invention provides a delivery tool
assembly configured to delivery an implant into a nasal
tissue. A delivery tool assembly may include a needle
configured to house an implant and a stylus configured to
push an implant out of the needle and into nasal tissue during
implant delivery (such as to a nasal valve region).

A delivery tool assembly may include an implant posi-
tioning knob configured to move an implant to a desired
(distal) staging area. A distal staging area may be near or at
a tip of a needle.
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A delivery tool assembly may include a trigger lock
mechanism to prevent undesired needle movement.

A needle of a delivery tool assembly may be configured
to pierce a nasal mucosa and position an implant in a desired
location in a nasal tissue. An implant may be configured to
be pushed out of a needle at the same time that a needle is
removed from the tissue. In some cases, simultaneous push-
ing of an implant from a needle and removal of a needle
from nasal tissue may result in undesired implant movement
or implant repositioning.

In some embodiments, a delivery tool may be configured
to be held in a hand (e.g. may have an ergonomic design) as
shown in FIGS. 63A-6C. A delivery device may be designed
to pierce mucosa and position an implant in a desired
position.

In some embodiments, a delivery tool may have a needle
advance position (FIG. 64A) and a needle retracted position
(FIG. 64B). A delivery tool may have a body, a grip (e.g. a
half-grip 5316), a trigger, a trigger lock 5314, a needle 5318,
an implant positioning knob 5312, and an implant plunger
5320 or stylus such as shown in FIGS. 64A-B. An over-
under trigger 5310 mechanism configured to provide axial
stability during needle placement, implant placement, and/or
needle retraction. The implant positioning knob 5312
advances the implant to the distal staging area at the needle
tip. The needle (e.g., a 16 gauge hypodermic needle) may
make a small entry site with minimal tissue dissection and
pain. The implant plunger 5320 injects the implant. It may
have a front-end “bone prep” feature (e.g., a drill bit). A
trigger lock 5314 may provide safety during needle place-
ment. A half-grip may maintain a low profile grip arm.

A delivery tool assembly may comprise multiple
implants. Multiple implants may be loaded at one time.
Alternatively, an implant may be loaded, implanted, and the
delivery tool assembly reloaded with another implant for
delivery.

A delivery tool assembly may include a bone prep feature
(e.g. a drill bit).

Tactile clues may be used for placing an implant in a nasal
tissue. One such tactile clue may include palpating a nasal
region (e.g. palpating an implant or a needle from an outside
surface of the nose). Another such tactile clue may include
sensing a resistance from a delivery tool assembly in place
in a nasal tissue wherein the resistance is indicative of the
delivery tool assembly contacting a bone.

One method of placing an implant in a nasal valve
includes the steps of placing a delivery tool assembly in
contact with a nasal tissue, the delivery tool assembly
comprising a needle housing an implant, advancing the
needle and implant into a nasal tissue until the needle
contacts a bone, releasing a needle safety lock on the
delivery tool assembly, and unsheathing the implant by
retracting the needle proximally to thereby place the implant
adjacent the bone. For example, the implant remains in a
desired position while the needle is retracted away from the
implant.

In some embodiments, an implant is placed in a nasal
tissue such that most or all of the implant is surrounded by
nasal tissue and/or tissue overlying the maxilla. Nasal tissue
may form a support, such as a tight support, around the
implant.

FIG. 65 shows implants 5330 placed in a lateral wall of
a nasal valve, such as to strengthen the valve. One, two, or
more than two implants may be placed. The implants may be
parallel to each other or may be obliquely oriented relative
to one another. An implant may be placed to endonasally

10

25

40

45

55

38

pierce through mucosa, may be lateral to mucosa, medial to
lateral cartilage and/or superficial to the maxilla.

FIGS. 66A-C show implants 5340 placed in a “spreader”
region, such as along a superior aspect of the nose. Such an
implant may endonasally pierce through mucosa, wedge
between the lateral cartilage and the septum, and/or increase
an internal nasal angle.

FIGS. 67A-C show one embodiment of a method for
placing one or more implants in nasal tissue. Any number of
implants may be placed and in any orientation. Implants may
be placed almost parallel to a bottom plane of the nose (e.g.
as shown in FIG. 67C). Implants may be oblique relative to
a bottom plane of the nose. For example, an implant may
form a line from a tip of the nose to a corner of the eye. In
some embodiments, an implant 5350 may be sized by a
physician to an appropriate length and inserted into a
delivery device as shown in FIG. 67A. As shown in FIG.
67B, the delivery device is inserted below lateral cartilage
and advanced to the maxilla bone. An implant is pushed out
of the delivery device, creating a support beam between
lateral cartilage and maxilla. A plurality of implants 5352
may be placed. As shown in FIG. 67C, the delivery device
is removed, leaving the implant as a support beam to prevent
nasal valve collapse.

FIGS. 68A-D show steps in preparing and implanting an
implant in a nose. FIG. 68 A shows forming an implant. FIG.
68B shows implant delivery preparation. FIG. 68C-D show,
respectively, internal and external views of implant delivery.

FIG. 69A shows subjective interpretation of nasal
obstruction symptoms after implanting implants in a pilot
study after 6 months and 12 months, compared with pre-
implantation symptoms using a validated NOSE (Nasal
Obstruction Symptom Evaluation) scale. Nasal obstruction
was reduced.

What is claimed is:

1. A nasal implant delivery system comprising a delivery
device comprising a grippable housing with an implant
delivery conduit having a piercing end configured to pierce
a nasal tissue, the conduit comprising an interior orienting
portion with a cross-sectional shape configured to orient an
implant relative to the conduit; and

a longitudinal implant configured to reside within the

nasal tissue comprising a first end including a resil-
iently deformable portion comprising two tines config-
ured to have a contracted first shape and an expanded
second shape, wherein the first shape comprises a
non-circular cross-section configured to orient the
implant relative to the conduit by the conduit orienting
portion when the implant is in place in the conduit and
the expanded second shape comprises an expanded
shape of the resiliently deformable portion of the
implant including ends of the two tines pointing from
the first end of the implant away from a second end of
the implant that opposes the first end of the implant, the
expanded shape of the resiliently deformable portion
corresponding to an orientation of the implant within
the conduit orientating portion, the expanded shape of
the resiliently deformable portion of the implant con-
figured to anchor the implant to nasal tissue when the
implant has emerged from the conduit and is in place in
the nasal tissue.

2. The system of claim 1 wherein the delivery device is
configured to hold the implant near a distal end of the
conduit when the implant is in the conduit.

3. The system of claim 1 wherein the conduit is configured
to hold the implant near a distal end of the conduit when the
implant is in the conduit.
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4. The system of claim 1 wherein the conduit comprises
a needle selected from a group consisting of a 14 gauge, a
16 gauge, or an 18 gauge needle and the implant is config-
ured to sit in the needle.

5. The system of claim 1 wherein the delivery tool
comprises a window along its length configured to accept
the implant into the conduit.

6. The system of claim 1 wherein the delivery device is
configured to hold the implant at a proximal side of a bevel
on the distal end of the conduit when the implant is in the
conduit.

7. The system of claim 1 wherein the conduit cross-
sectional shape comprises an ellipse.

8. The system of claim 1 wherein the conduit and implant
are configured to provide a friction fit between the conduit
and the implant when the implant is in the conduit.

9. The system of claim 1 wherein a length of the implant
comprises a plurality of repeating features.

10. The system of claim 1 wherein the implant comprises
a plurality of ribs with alternating raised regions and
depressed regions.

11. The system of claim 1 wherein the implant comprises
a first end feature and a second end feature different from the
first end feature.

12. The system of claim 11 wherein the first end feature
and conduit are configured to have a friction fit when the
implant is in the conduit to thereby hold the implant in the
conduit.

13. The system of claim 11 wherein the first end feature
comprises a rounded end.

14. The system of claim 1 wherein the implant comprises
a biodegradable material.

15. The system of claim 1 wherein the implant comprises
a biocompatible, biodegradable poly-L-lactic acid (PLLA)
or poly-D-lactic acid (PDLA).

16. The system of claim 1 further comprising a stylet
comprising a proximal graspable portion and a distal push-
ing portion configured to fit in the conduit and to move the
implant through the conduit and into the tissue when the
implant and the pushing portion are in place in the conduit
and the pushing portion is moved through the conduit.

17. The system of claim 1, wherein the first end of the
implant is a distal end of the implant.

18. The system of claim 1, wherein the implant is con-
figured to engage with the lateral cartilage.

19. The system of claim 1, wherein the implant is con-
figured to engage with the septal cartilage.
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20. A nasal implant delivery system comprising a deliver
device comprising a grippable housing with an implant
deliver conduit having a piercing end configured to pierce a
nasal tissue, the conduit comprising an interior orienting
portion with a cross-sectional shape configured to orient an
implant relative to the conduit; and

a longitudinal implant configured to reside within the

nasal tissue comprising a first end including a resil-
iently deformable portion configured to have a con-
tracted first shape and an expanded second shape,
wherein the first shape comprises a non-circular cross-
section configured to orient the implant relative to the
conduit by the conduit orienting portion when the
implant is in place in the conduit and the expanded
second shape comprises an expanded shape of the
resiliently deformable portion of the implant config-
ured to anchor the implant to nasal tissue when the
implant has emerged from the conduit and is in place in
the nasal tissue, wherein the implant is configured to
provide an implant flexural rigidity between 2.5¢~°
N-m?, and 1.5¢™> N-m?.

21. A nasal implant delivery system comprising a delivery
device comprising a grippable housing with an implant
delivery conduit having a piercing end configured to pierce
a nasal tissue the conduit comprising an interior orienting
portion with a cross-sectional shape configured to orient an
implant relative to the conduit; and

a longitudinal implant configured to reside within the

nasal tissue comprising a first end including a resil-
iently deformable portion configured to have a con-
tracted first shape and an expanded second shape,
wherein the first shape comprises a non-circular cross-
section configured to orient the implant relative to the
conduit by the conduit orienting portion when the
implant is in place in the conduit and the expanded
second shape comprises an expanded shape of the
resiliently deformable portion of the implant config-
ured to anchor the implant to nasal tissue when the
implant has emerged from the conduit and is in place in
the nasal tissue, wherein the resiliently deformable
portion comprises two tines with the expanded second
shape such that ends of the two tines point from the first
end of the implant away from a second end of the
implant that opposes the first end of the implant.

22. The system of claim 1, wherein the second end of the
implant includes a rounded surface.
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